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Figure 
Example Soil Sample Locations 
for Phase 1 Trench Unit and a 
Survey Unit

Former Hunters Point Naval Shipyard
San Francisco, California 

Service Layer Credits:  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Example Phase 2 Trench Unit 
Soil Sample Locations

Former Hunters Point Naval Shipyard
San Francisco, California 

Service Layer Credits:  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community
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BASE MAP SOURCE:
Service Layer Credits:  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Figure 
HPNS Reference Background Area RBA-1

Former Hunters Point Naval Shipyard
San Francisco, California 
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Figure 
HPNS Reference Background Area RBA-2

Former Hunters Point Naval Shipyard
San Francisco, California 
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Figure 
HPNS Reference Background Area RBA-3

Former Hunters Point Naval Shipyard
San Francisco, California 
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BASE MAP SOURCE:
Service Layer Credits:  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
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Figure 
HPNS Reference Background Area RBA-4

Former Hunters Point Naval Shipyard
San Francisco, California 
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* NOTE: The exact location of the RBA within McLaren Park may be adjusted based on consultation with
the City of San Francisco.

COORDINATE SYSTEM: NAD 1983 StatePlane California III FIPS 0403 Feet

BASE MAP SOURCE: Service Layer Credits: © 2018 Microsoft Corporation © 2018 DigitalGlobe ©CNES
(2018) Distribution Airbus DS

Park Lands layer developed by the San Francisco Recreation and Parks Department (2016).
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Figure 
McLaren Park Reference Background Area 
RBA-McLaren

Former Hunters Point Naval Shipyard
San Francisco, California 



Figure 
Example Surface and Subsurface Sample Locations

San Francisco, CA
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Figure 
Example Building Class 1 
Survey Unit and Sample Locations 
(Building 366 Survey Unit 1)
Parcel G  Plan
Former Hunters Point Naval Shipyard
San Francisco, California 
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! Systematic Static and Swipe Location
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Survey Results, December 30, 2009, DCN: ECSD-
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Former Hunters Point Naval Shipyard
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Hunters Point Naval Shipyard Scoping Meeting 
San Francisco, California 

AATTENDEES:  Derek Robinson, Navy 
Pat Brooks, Navy 
Bill Franklin, Navy  
Danielle Janda, Navy 
Lily Lee, EPA RPM 
David Yogi, EPA  
Jackie Lane, EPA 
Tamsen Drew, OCII (Office of Community 
   Investment and Infrastructure) 
Amy Brownell, SFDPH 
Scott Hay, Cabrera Services 
Janet Naito, DTSC 
Nina Bacey, DTSC 
Sheetal Singh, CDPH 

Jeff Wong, CDPH 
Tina Low, Water Board 
Kellie Koenig, CH2M 
Robert Kirkbright, CH2M 
Adam Engel, CH2M 

On Phone:  
Matt Slack, RASO 
Zach Edward, RASO 
LCDR Soric, RASO 
Dr. Steve Doremus, RASO 
Jana Dawson, Tech Law 
Mark Luckhardt, Five Point 
Lindsay Land, EPA  
Carla Brazen  

DDATE:  December 13, 2016 

PPROJECT:  Navy CLEAN 9000, CTO-FZ12 

Objectives 
The objectives of the meeting were to introduce team members, discuss radiological data evaluation 
and community outreach activities, and gain feedback, input, and buy-in from stakeholders. 

Introduction 
A presentation and schedule were provided to all invitees prior to the meeting. 

Derek Robinson from the BRAC PMO kicked off the meeting by thanking everyone for attending, and 
stated how important this project is for the Navy, BRAC, the City of San Francisco, Regulatory Agencies, 
and developers.  He stated the urgency of this effort and the requirement to get it done right the first 
time.  Lily Lee mentioned the EPA will be sending a letter outlining recommended actions.  Derek also 
said that this venue is a good place for everyone to meet face to face.  Pat Brooks and CH2M will be 
presenting the strategy and scope of the planned efforts which hopefully can draw to a close any 
unanswered questions  

Introductions were made. 

The Tiger Team points of contact were identified: 

NAVY - Pat Brooks, Derek Robinson, Danielle Janda, Zachary Edwards, and Matthew Slack 

DTSC - Janet Niato and Nina Bacey 

EPA - John Chestnut and Lily Lee   

CDPH - Sheetal Singh and Jeff Wong 
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Water Board – Tina Low 

City of San Francisco - Tamsen Drew (OCII) and Amy Brownell (SFDPH) 

Bob Kirkbright began the presentation with a brief discussion of the team CH2M has assembled, 
pointing out the challenge in finding experts for the team that have not been involved with Tetra Tech 
or its affiliates and subcontractors to avoid any possible perception of a conflict of interest.  The 
assembled team consists of a consortium of experienced experts from CH2M and other recognized 
radiological companies to provide an independent third party analysis of the data.  He mentioned CH2M 
has been in contact with Dr. Covello to consult on the outreach messaging efforts; Dr. Covello indicated 
he would be available after the New Year. 

Pat Brooks explained this project is BRAC’s number one priority, and they will be putting all their efforts 
toward facilitating its completion.  

Scott Hay presented what has been accomplished so far, and explained the technical approach to the 
project. 

Pat Brooks reiterated the challenges of balancing the aggressive schedule with the thorough analysis this 
project demands.  He indicated a substantial amount of rework has taken place, including past efforts by 
RASO and Tetra Tech, using approaches that identified anomalous data.  It was mentioned there were 
additional accusations after those efforts were completed.  The CH2M team will perform an 
independent analysis that will include reviewing those efforts as well as performing additional analysis 
of the data. 

Technical Approach 
Scott Hay presented the phased approach and accomplishments to date. 

Questions were raised about the database regarding how it was going to be examined. Scott Hay and 
Pat Brooks explained the first steps are to determine the completeness of the data set.  Sample IDs can 
be used to break out survey units, and arrange them by parcel to form data subsets. 

A discussion was had about why 2006 was determined as the starting point. The EPA expressed 
concerns that Tetra Tech was working at Hunters Point in the 1990s and their Health Physicists have 
identified anomalies in some of the pre 2006 data that they reviewed. Pat Brooks explained that 2006 
was used as the cutoff because that was when the TCRA to remove sewer lines began, and everything 
before that was characterization and preliminary surveys, not used to determine final status. It was 
decided that any data that was used for decision making needs to be reviewed, and Derek Robinson and 
Pat Brooks agreed to look into the data that was used to determine work was complete.  EPA, DTSC, and 
the project team agreed if the pre 2006 data was superseded by other work done after 2006, it does not 
need to be analyzed.  

A discussion was held regarding scope. It was explained that during the initial phase, only soil data will 
be reviewed.  In later phases of the project, buildings scans and gamma statics will be evaluated as well. 
Items such as lab EDDs and field notebooks will be requested as needed as potential issues are 
identified. 

Lily Lee expressed they have been getting a lot of questions on parcels that have already been 
transferred. Scott Hay explained that we are including all locations where Tetra Tech has worked, and 
analyzing all of their data. Further concerns were expressed regarding the data that does not show any 
obvious anomalies. It is her opinion that since Tetra Tech has disclosed that data has been falsified, we 
cannot say that the data is reliable even though the statistical tests do not turn up any results. Scott Hay 
and Bob Kirkbright explained that our statistical tests will identify anomalies in the data, including 
running tests designed to identify instances where data may have been falsified. It was agreed that 
areas of highest potential risk should be the priority.  
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Sheetal Singh asked questions about what types of tests were going to be run, and how it is known 
whether they are effective. Scott Hay explained we will be using a test on the data sets where problems 
have already been identified, as well as the data set in its entirety. If these tests are able to identify the 
known problem areas, it will provide confidence in the analysis. Scott Hay went on to describe the 
statistical test and how the analysis was going to be approached in more detail, and explained that 
phase two will determine the amount and locations of confirmation sampling. 

EPA raised questions of the amount of confirmation sampling, and what approach will be taken if data 
testing methods do not recommend sampling in places where allegations have pointed to.  Scott Hay 
explained that confirmation sampling will be done to address specific issues, including allegations from 
former workers, if that is deemed appropriate. It was discussed that allegations of misconduct do not 
necessarily mean that there is a health risk. Danielle Janda stated that the Navy was fully committed to 
doing a resampling effort, with the extent to be determined.  Scott stated the North Pier will probably 
be used as a test run analysis. 

Pat Brooks mentioned this initial effort will examine static gamma readings, building scans, and soil 
data; only the soil data will be included in the initial analysis with the target completion in January 2017.  
Laboratory electronic data and gamma walk-over data has been requested from TetraTech.  During the 
discussion it was noted that split sample results are not in NIRIS, so those would have to be obtained 
separately from the agency that conducted the analysis. 

Community Outreach 
Kellie Koenig provided a handout of the proposed format for the Draft Radiological Community 
Engagement Communications Plan, and presented the Community Involvement objectives, approach, 
tasks, and schedule.  The following was discussed:  

The group recommended adding the Water Board and Non-Regulatory City departments to the list of 
stakeholders. Key stakeholders will be included from all available lists including the 2014 CIP. 

Tamsen Drew stated that the City recommends four languages, and with the known local population 
recommended public documents be provided in English, Spanish, written Chinese, Samoan, and Tagalog. 

The communication efforts will include preparation of and frequently updating a FAQ sheet with 
answers generated through the Tiger Team.  

EPA and City of San Francisco representatives expressed the community is very interested in being 
informed and involved throughout the duration of the project. The topic of fact sheets and the subjects 
of each one were discussed. It was suggested that a third fact sheet be added between sheet one and 
two in order to inform public about initial findings and explaining how the Navy is going to proceed. 
David Yogi of EPA expressed importance of keeping the community involved throughout the process, 
not just telling them what we did after it was complete. 

Derek Robinson expressed his desire to present at the Mayor’s Hunters Point Shipyard Citizen’s Advisory 
Committee (CAC). Tamsen Drew stated that the CAC would be interested.   

Additional Public Outreach discussion yielded the ideas that will be discussed further: 

Be proactive, not reactive.

Get the community involved early in the process and bring them along the process to build trust.

The possibility of EPA getting a third party technical advisor to help communicate technical aspect to
the public. Agency grant availability information should be communicated to CBOs.

Multiple feedback mechanisms for public communication are beneficial.
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Respond as quickly as possible to community concerns and give consistent responses; essential to
building trust.

Create a list of FAQs to facilitate fast and consistent responses to community questions.

Go to reporters directly to get them involved, so they do not misinterpret what is going on. The
Navy has specific reporters they have worked with in the past.

Local “door to door” outreach has been successful in the past. Coordination with local churches and
community groups has also been successful. A community liaison may help facilitate.

Choose venues that facilitate the open exchange of information.

Present Navy, EPA, State, City as a unit.

Look into attending preexisting meetings

Public stakeholders prefer information via Email.

The District Supervisor expressed an interest to be involved.

The community outreach team resolved to have a call twice per month for two months.

Tamsen Drew raised concern about CH2M’s past involvement at Hunters Point, and how the community 
may react to having a company with past history at the site doing the third party evaluation.  Bob 
Kirkbright explained the differences in CH2M’s history and what occurred with Tetra Tech.  It is 
recognized that a cohesive message is necessary to explain how the situations were vastly different, 
including the response by the companies; the CH2M team performing this review will include recognized 
senior experts from at least three other independent companies; and this effort will receive continuous 
independent scrutiny by the Federal, State, and Tiger Team members. 

David Yogi of the EPA suggested that there are groups that will never change their distrust level and 
efforts are better spent on stakeholders who want to hear the facts and learn about current activities. 
He also brought up having a Technical Advisor, separate from CH2M and the Navy. Recommendations 
included Saul Bloom, and Kai Vetter. Pat Brooks commented that the Navy is working to involve a 
National Laboratory (such as Argonne National Laboratory), but it has not been contracted due to the 
time it takes to get them on board.  

Bill Franklin discussed 3 key points: 

Need to identify the best forums and look for reasons to say “Yes” to outreach opportunities and
venues to exchange information.

Tiger Team to share public inquiries and answers to ROIs with the group to ensure a consistent
message.

Tiger Team participation in outreach and outreach planning meetings so that stakeholder
interaction is productive and respectful.

Action Items 
Determine if pre 2006 data was used for decision making – Pat Brooks 

Provide library of compiled questions and answers on community outreach to share with team – Lily Lee 

Plan twice a month Community outreach team check in meeting – Derek Robinson  

Email copy of Draft Radiological Community Engagement Plan Communications Plan to RASO – Kellie 
Koenig  
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Responses to Comments 
Draft Parcel G Removal Site Evaluation Sampling and Analysis Plan 
Former Hunters Point Naval Shipyard, San Francisco, California 

The purpose of this document is to address comments on the Draft Parcel G Removal Site Evaluation 
Sampling and Analysis Plan, dated August 2018, for Former Hunters Point Naval Shipyard, San 
Francisco, California. The United States Environmental Protection Agency (USEPA), Department of 
Toxic Substances Control (DTSC), and California Department of Public Health (CDPH) comments 
received September 24, 2018 are listed below and responses to comments are provided in bold. The 
work plan will be updated to address these comments and a draft final version submitted for review. 

USEPA Comments 
General Comments 
1. The SAP Worksheet #9, Project Scoping Session Participants Sheet, states that statistical tests

will identify anomalies in the data, including running tests designed to identify instances where
data may have been falsified; however, the SAP does not acknowledge that not all instances of
falsification may be identified using the statistical tests. Therefore, the investigation must be
designed to require that if any sample result from any of the Phase I TUs exceeds the remedial
goals (RGs) specified in the Parcel G ROD, then all TUs will require excavation and analysis.
Please revise the SAP to acknowledge that statistical tests may not identify all types/instances of
falsification so that 100% excavation will be required if any sample from Phase I TUs exceeds
RGs.

See response to USEPA General Comment 2 on the Parcel G work plan. The Executive
Summary and Worksheets 9, 11, 14, and 17 have been updated accordingly.

2. SAP Worksheet #11, Project Quality Objectives/Systematic Planning Process Statements, Step 1,
State the Problem, does not describe how soil background values will be developed for all fill
types for Ra-226 and other naturally occurring radioactive material (NORM)/fallout
radionuclides. There is no proposal to separate results by fill type in the Work Plan and this
would likely require a number of additional samples to generate background values for each soil
type. Furthermore, SAP Worksheet #17, Sampling and Survey Design and Rationale, states that
“additional sample locations at Bayview Park or other reference areas may be added as
necessary to characterize different soil types and depositional areas,” but there are no criteria
for this decision and insufficient details that explain how this would be done (e.g., how soil types
will be determined, the number of required soil samples per soil type, how reference
background areas would be expanded, etc.). Please revise the SAP to provide detailed criteria
for evaluating whether background values will be calculated for different soil types, including
the number of required samples and how reference background areas will be expanded to cover
multiple fill types.

Because the HPNS soil that will be investigated as part of this SAP is mostly fill and has been
homogenized, there is no current plan to collect background data/develop background data
sets for individual soil types. However, because the background data may be used for other
projects at HPNS, the soil lithology will be logged and once data is available and evaluated. If
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there are significant differences in the analytical results by soil type, the SAP includes the 
flexibility for collecting additional samples if needed for further characterization.   

3. The SAP Worksheet #11, Project Quality Objectives/Systematic Planning Process Statements,
Step 3, Identify Inputs to the Objective, inputs include performing a gamma scan survey to
identify biased soil sample locations; however, the SAP does not propose a scanning survey
method to identify any potential remaining Sr-90 radiological objects. Please revise the SAP to
discuss how Sr-90 radiological objects will be identified.

See response to USEPA Specific Comment 8 on the Parcel G work plan. The details on scanning
are included in the Parcel G work plan and references to the work plan are provided in the
SAP.

4. SAP Worksheet #11, Project Quality Objectives/Systematic Planning Process Statements Step 5,
Develop Decision Rules, is inconsistent with the Parcel G ROD. Step 5 states “If the building and
soil investigation results demonstrate that site conditions are not compliant with the Parcel G
RAO [remedial action objective] and exceed background levels, then the data will be evaluated
to determine whether site conditions are protective of human health using USEPA’s current
guidance on Radiation Risk Assessment at CERCLA Sites (USEPA, 2014a). A Removal Site
Evaluation Report will be developed to include recommendations for further action.” However,
the ROD requires each sample result meet the RGs, therefore any reference to assessing risk
must be applied within the context of meeting the RGs.

Please revise the SAP to require remediation of any location where one or more sample results
exceed RGs.

See response to USEPA General Comment 2 on the Parcel G work plan. Worksheet 11 has
been updated to reflect the response.

5. The number of surface samples is insufficient. Under the SAP Worksheet #11, Project Quality
Objectives/Systematic Planning Process Statements, Step 5, Develop Decision Rules, the
Background Evaluation subsection states that the statistical difference between data sets will be
evaluated using the nonparametric Kruskal-Wallis (KW) test by comparing the calculated p-value
against 0.05 significance level. However, background data sets only propose to collect five
surface samples at each on-site location, which does not provide a sufficient data pool for
estimating population parameters. The number of surface samples per on-site reference
background area (RBA) location should be increased to provide sufficient data for statistical
evaluation. In addition, the off-site RBA location should include sampling for subsurface soils.
Please increase the number of surface samples at each on-site RBA and propose collecting
subsurface samples at the off-site RBA.

See response to USEPA General Comments 12b and 12d on the Parcel G work plan. The
number of samples has been increased accordingly throughout the SAP.

6. SAP Worksheet #11, Project Quality Objectives/Systematic Planning Process Statements Step 5 –
Develop Decision Rules does not state what investigative actions will be taken if the additional
six inches of the trench sidewalls and floors has ROCs above RGs. Scanning and/or sampling of
the trench sidewalls and floors should be conducted to investigate the location and extent of



RESPONSES TO COMMENTS DRAFT PARCEL G REMOVAL SITE EVALUATION SAMPLING AND ANALYSIS PLAN

3

any remaining contamination. Please revise the SAP to include this requirement and to include 
this approach in the data quality objectives in Worksheet #11.  

See response to USEPA General Comment 4 on the Parcel G work plan. Text in the Executive 
Summary and Worksheets 11, 14, and 17 have been updated to include in situ 
investigation/remediation. 

7. SAP Worksheet #11, Project Quality Objectives/Systematic Planning Process Statements Step 6 –
Specify the Performance Criteria proposes to analyze soil samples for U-238 if Ra-226 is
detected to confirm estimates of the background contribution of Ra-226. Per previous EPA
comments, all uranium and thorium isotopes should be analyzed and reported by alpha
spectroscopy for background evaluations. Please revise the SAP to require alpha spectroscopy of
all uranium and thorium isotopes for site samples with elevated Ra-226 results.

See response to USEPA General Comment 19 on the Parcel G work plan. Worksheet 11 has
been updated accordingly.

8. Site samples should be analyzed for the same radionuclides as the RBA samples. SAP Worksheet
#11, Project Quality Objectives/Systematic Planning Process Statements, Step 6, Specify the
Performance Criteria, states that all RBA samples will be analyzed by the respective method for
the radionuclides listed in Worksheets #15a, #15b, #15c, and #15d, which include most
primordial and decay chain radionuclides by gamma spectrometry and isotopic uranium,
thorium, plutonium, and americium. Statistical tests will be conducted to compare soil data sets
from surface gamma scan surveys, and surface and subsurface analytical concentrations against
different identified soil types and against each RBA per sample depth. However, it is unclear
how this data will be used in a background evaluation of site sample results since the SAP
proposes to only analyze site samples for a limited number of radionuclides and to only perform
alpha spectrometry analysis for U-238 if Ra-226 is detected in the gamma spectrometry analysis
at concentrations greater than the RG. Per previous Regulatory Agency request, all site samples
should be analyzed for the same radionuclides as the RBA samples. At a minimum, the
requirement to analyze samples with Ra-226 concentrations above the RG for all uranium and
thorium isotopes should be included in the SAP. Please revise the SAP accordingly.

See response to USEPA General Comment 19 on the Parcel G work plan. Worksheets 11 and
17 have been updated accordingly. Site samples will be analyzed for site-specific ROCs, as
described in Worksheet 17.

9. SAP Worksheet #14, Summary of Project Tasks, does not discuss potential soil types, including
those that are not native to the Bayview Hunters Point area, or how excavated soil will be
segregated by soil type. Some fill has been determined to be granite from the Sierra, which has
a very different radiological signature from local soil and rock. Also, the sand near the former
theater is a unique fill type. While the backfill in the trenches is likely well mixed, the
sidewall/floor unit (SFU) soil may not be, but there is no proposal to segregate this material by
soil type during excavation. Also, use of the soil sorting system would preclude segregation by
soil type. It may be possible to segregate SFU soil by soil type on a radiological screening yard
(RSY) pad. Please revise the SAP to provide procedures for segregating SFU soil by soil type.

The lithology of excavated soil will be noted in the field; however, separation of excavated soil
by soil type is not planned.
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10. SAP Worksheet #15a, Reference Limits and Evaluation Soil Gamma Spectroscopy requires a
Minimum Detectable Concentration (MDC) for cesium-137 (Cs-137) of 0.05 picoCuries per gram
(pCi/g), but the laboratory SOP provided quotes a Cs-137 detection limit of 0.1 pCi/g with a 500
gram dry sample. This can be remedied easily by using a counting geometry that would allow for
twice the weight, increasing the count time by a factor of 4, or a combination of the two to
reach the required detection limit of 0.05 pCi/g. Please revise the SAP to include the
requirement that the contracted laboratory to meet the Worksheet #15 MDCs.

The SOPs reflect standard method MDCs that are the default values if a project does not
specify a site-specific detection limit. However, the lab can achieve the lower MDCs specified
in Worksheet 15a with larger aliquots and/or longer count times. A footnote was added for
clarification.

11. SAP Worksheet #17, Sampling and Survey Design and Rationale is incomplete because it does
not discuss whether soil samples collected from areas around Buildings 351, 364, and 365
identified in the Historical Radiological Assessment (HRA) as locations where Plutonium-239 (Pu-
239) was used will be analyzed for Pu-239 as a requirement. Please revise the SAP to include a
requirement to analyze all site soil samples for Pu-239 that are collected from trenches near or
around all Parcel G buildings identified in the HRA as being associated with the use or disposal of
Pu-239.

See CDPH Specific Comment 49 and the response on the Parcel G work plan. Worksheet 17 has 
been updated accordingly. 

12. SAP Worksheet #17, Sampling and Survey Design and Rationale is incomplete because it does
not require Plutonium-239 (Pu-239) analysis for all site soil samples collected from trench units
near or around Buildings 351A, 364, and 365, which were identified in the Historical Radiological
Assessment (HRA) as locations where Pu-239 was used and is a ROC. The SAP states Pu-239
analyses will only be conducted for soil samples with Cs-137 or Sr-90 detections at or above the
respective RG. However, the SAP states Sr-90 analysis will only be performed for 10% of the
samples, therefore this criterion is not appropriate for TUs near buildings that previously
handled Pu-239. Please revise the SAP to include a requirement to analyze all site soil samples
from trenches near or around all Parcel G buildings identified in the HRA as being associated
with the use or disposal of Pu-239.

Pu-239 is only an ROC at the Former Buildings 317/364/365 Site; therefore, analysis for Pu-239
will be performed for 10 percent of systematic soil samples associated with the SUs at the
former Buildings 317/364/365 Site. The 10 percent will be selected at random. Additional Pu-
239 analyses will be performed on samples with Cs-137 or Sr-90 results at or above the RG.
The text in Worksheet 17 has been updated for clarification.

13. SAP Worksheet #17, Sampling and Survey Design and Rationale, is inconsistent with Worksheet
#11, Project Quality Objectives/Systematic Planning Process Statements, because Worksheet
#17 does not propose segregating sidewall and floor unit soil on RSY pads. Please resolve this
discrepancy.

The segregation of soil applies to both the soil sorter and RSY pads and the text in the Phase 1
Trench Unit sections in Worksheets 14 and 17 were updated for clarification. References to
these worksheets are provided in Worksheet 11.
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14. Previously submitted comments/concerns summary: The SAP gives details related to Parcel G
Removal Site Evaluation Work Plan, Former Hunters Point Naval Shipyard, San Francisco,
California, June 15, 2018 (“Work Plan”). Therefore, many of the comments that EPA made on
the draft Work Plan1 also apply to the SAP. The draft SAP arrived for review at the same time
that EPA submitted its comments on the Work Plan, so the Navy would not have had the
opportunity to incorporate the Work Plan comments into the SAP. For convenience, this
comment summarizes some examples of the Work Plan comments that are also relevant to the
SAP. We appreciate that the Navy stated its intentions to incorporate regulatory comments
already given for the Work Plan into the relevant corresponding aspects of the next version of
the draft SAP.

a. The SAP states that if site conditions are not compliant with the Parcel G ROD remedial
action objectives (RAOs), then the data will be evaluated to determine whether site
conditions are protective of human health using the EPA’s current guidance on
Radiation Risk Assessment at CERCLA Sites rather than that exceedances will be
excavated.

See response to USEPA General Comment 3 on the Parcel G work plan. Accordingly,
the text has been revised throughout the SAP.

b. The SAP Executive Summary and Worksheet #11 Decision Rules do not state that if
contamination is identified in any of the initial 33 percent (%) of trench units/survey
units (TUs/SUs), then all TUs/SUs in Parcel G will require excavation and investigation.

See response to USEPA General Comment 2 on the Parcel G work plan. Accordingly,
the text has been revised throughout the SAP.

c. The SAP does not include all the technical information requested for the proposed
sample analyses, including a copy of all sampling and analytical standard operating
procedures (SOPs) and as applicable, nuclide libraries used to quantitate results.

All analytical SOPs and nuclide libraries were checked and are included in Attachment
3.

d. Analysis and reporting of all uranium and thorium isotopes by alpha spectroscopy for
samples with elevated radium-226 (Ra-226) are not specified.

See response to USEPA General Comment 19 on the Parcel G work plan. Accordingly,
the text has been revised throughout the SAP.

e. A requirement to report count times, results, counting and total propagated uncertainty
for all radiological results is not specified.

A footnote was added in Worksheet 14 to specify that reported radiological results
will, at a minimum, include count times, results, counting uncertainty, and total
propagated uncertainty.

f. Only six locations are proposed for collection of core samples in Phase 2 trenches rather
than at the number of locations as identified using the Multi-Agency Radiological Site



RESPONSES TO COMMENTS DRAFT PARCEL G REMOVAL SITE EVALUATION SAMPLING AND ANALYSIS PLAN

6

Survey and Investigation Manual (MARSSIM) formulas for performing a statistical 
analysis.  

See response to USEPA General Comment 5 on the Parcel G work plan. The SAP has 
been updated to include 18 boring locations in Phase 2 TUs. 

g. The SAP does not state how large the SUs will be for Phase II, or how the size will be
determined. Note that per MARSSIM guidance, Class 2 land areas should not exceed
10,000 square meters. EPA expects the survey units to be the same size as in previous
work, i.e. the size of soil survey units will not exceed 1,000 square meters and the
building survey unit sizes will not increase.

As stated in Worksheet 14, the size and boundaries of TUs/SUs will be based on
previous plans and reports. The specific TU/SU sizes are detailed in the Parcel G work
plan.

h. The SAP discusses the soil sorting operations used to screen excavated soil but does not
include an operations plan or include the specifics about which radiological properties
will be monitored or how alarms will be set to segregate soils that will receive further
radiological investigation/analysis.

The SAP only provides a summary of the soil sorting operations and refers to the
Parcel G work plan text which contains a more detailed description. A contractor-
specific Soil Sorting Operations Plan will be prepared and submitted for regulator
review.

i. The SAP does not provide the basis for the number of samples planned to be collected
from TUs/SUs. It also does not propose incorporating the variance from newly collected
data in MARSSIM equation 5-1 for updating the required number of samples to be
collected from each survey unit as new data is collected as part of the Parcel G
investigation. EPA comments recommend using MARSSIM procedures to calculate
those.

See response to USEPA General Comment 5 on the Parcel G work plan.

j. The SAP does not address the instrumentation and survey parameters for investigating
the potential presence of radiological objects such as deck markers containing
Strontium-90 (Sr-90) in soil.

See response to USEPA Specific Comment 8 on the Parcel G work plan.

k. The SAP does not provide sufficient information to fully evaluate the sufficiency of the
buildings investigation. It also does not propose updating the building release criteria
using the EPA Building Preliminary Remediation Goal (BPRG) Calculator for radionuclides
to ensure the limits remain protective of human health.

See response to USEPA General Comment 9 on the Parcel G work plan.
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l. The SAP does not explain the assignment of MARSSIM classifications to all building
survey units.

Worksheet 17 was updated to explain the MARSSIM survey unit classifications for
buildings.

m. The SAP does not state how the number of static measurements was determined for
building survey units and does not propose incorporating the variance from newly
collected data in the MARSSIM equation 5-1 for updating the number of static
measurements required to be collected from each survey unit as new data is collected
as part of the Parcel G building investigation.

See response to USEPA General Comment 5 on the Parcel G work plan.

n. The SAP does not state if wipe samples will be sent to the laboratory for destructive
analysis to determine which radionuclide is contributing to the radiation if release limits
are exceeded for gross alpha or gross beta.

Swipe or material samples may be sent to the offsite laboratory for further analysis
and this was added to the SAP.

o. The SAP proposes to evaluate background data for outliers using Dixon's and Rosner's
statistical outlier tests, both of which assume the data are normally distributed.
Population distributions are often not normally distributed; therefore, population
distribution and careful evaluation of background data should be performed to fully
justify removing any data points.

See response to USEPA Specific Comment 25 on the Parcel G work plan.

p. The SAP does not propose analyzing and reporting all naturally occurring radionuclides
in site samples that are also Radionuclides of Concern (ROCs) to determine if the
uranium-238 (U-238) and thorium-232 (Th-232) decay chains are in secular equilibrium
prior to conducting any outlier evaluations or comparison of ROCs to background levels
of radionuclides.

See response to USEPA General Comment 19 on the Parcel G work plan. The SAP has
been updated accordingly.

Please ensure that the SAP is revised to address these issues. 

See responses to comments a through p above. 

Specific Comments 
1. SAP Worksheet #9, Project Scoping Session Participants Sheet, Pages 35, 36: Please include Dave

Kappelman in this worksheet.

Dave Kappelman was not on the list of attendees for the December 7, 2016 meeting.

2. SAP Worksheet #14, Summary of Project Tasks, Page 59: The Data Management subsection does
not provide sufficient data management requirements. The worksheet states that electronic
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copies of original electronic data sets will be preserved on a nonmagnetic retrievable data 
storage device and further states additional details are provided in Worksheet #29 and the 
Parcel G Work Plan Appendix B SOPs. Worksheet #29 states that data will be maintained in 
project files and stored for a minimum of 7 years in accordance with the CLEAN 9000 contract 
requirement. However, given the nature of the planned future use of the site for residential re-
development, please revise the SAP to propose retaining files for a longer period of time.  

Worksheets 14 and 29 were updated to indicate that analytical data will be stored in NIRIS 
and will be included in final reports.  

3. SAP Worksheet #14, Summary of Project Tasks, Page 59: The Data Management subsection
states that project data will be documented in accordance with the Parcel G Work Plan
Appendix B. The data management SOP in the Parcel G Work Plan Appendix B, SOP RP-114,
Control of Radiation Protection Records, defines documentation requirements for “radiation
protection records.” Therefore, it appears the intent of this SOP is to govern worker protection
records rather than environmental data. In addition, neither Worksheet #29 nor the Parcel G
Work Plan specifies the location of the storage facility where these records will be maintained.
Please revise the Parcel G Work Plan or SAP to include a SOP, or additional explanation for the
requirements storing all project documents, to ensure the integrity and long-term retention of
such records.

Worksheets 14 and 29 were updated for clarification on environmental data storage, including
the locations for file storage.

4. SAP Worksheet #23, Analytical SOP References, Pages 93-94: This worksheet includes a listing of
methods and SOPs, however some of the SOPs referenced in this worksheet are not included in
Attachment 3, Laboratory SOPs. For example, SOP GL-RAD-A-013, The Determination of Gamma
Isotopes, Revision 26, February 2017 is not included in Attachment 3. Please revise the SAP to
include all analytical SOPs listed in Worksheet #23 and to ensure the nuclide libraries are
included for all relevant methods.

All analytical SOPs and nuclide libraries were checked and are included in Attachment 3.

DTSC Comments
General Comments 
1. Executive Summary, paragraph 2 refers to allegations. See DTSC draft Work Plan comment #9.

See response to USEPA Specific Comment 2 on the Parcel G work plan. The SAP has been
updated accordingly.

2. Executive Summary, Soil Investigations -See DTSC draft Work Plan comment #6 regarding
selection of trench and building soil survey units to be sampled.

See response to USEPA General Comment 13 on the Parcel G work plan. The SAP has been
updated accordingly.

3. Executive Summary, Soil Investigations, paragraph 3 -See DTSC draft Work Plan comment #7
regarding the 6 inches of excavated soil along trench walls.
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See response to USEPA General Comment 4 on the Parcel G work plan. The SAP has been 
updated accordingly. 

4. Executive Summary, Soil Investigations, paragraph 4 -See DTSC draft Work Plan comment #8
regarding Phase II.

See response to USEPA General Comment 6 on the Parcel G work plan. The SAP has been
updated accordingly.

5. Executive Summary, Data Evaluation, last paragraph -See DTSC draft Work Plan comments #4
and 5.

See response to USEPA General Comment 3 and CDPH General Comment 1 on the Parcel G
work plan. The SAP has been updated accordingly.

6. SAP Worksheet #9 -Project Scoping Session participants Sheet -Generally information pertaining
to community outreach is not included in an SAP. Suggest retitling Action Items to SAP Specific
Action Items and delete bullet two through four.

Worksheet 9 was revised as suggested.

7. SAP Worksheet #10, Conceptual Site Model, par. 2 -See DTSC draft Work Plan comment #9

See response to USEPA Specific Comment 2 on the Parcel G work plan. The SAP has been
updated accordingly.

8. SAP Worksheet #10, Conceptual Site Model, pg. 43, Current Status -Parcel UC- 2 should be
added as a Parcel that has been transferred to San Francisco.

Worksheet 10 was revised as requested.

9. SAP Worksheet #11, Step 5 Develop Decision Rules, Bullet 2 and Step 6, Specify the Performance
Criteria last bullet -See DTSC draft Work Plan comment #5

See response to CDPH General Comment 1 on the Parcel G work plan. The SAP has been
updated accordingly.

10. SAP Worksheet #11, Step 5 and 6 -Reference Background Areas data evaluation process should
be revised to reflect comments that will be provided by the U.S. EPA on the draft SAP.

Worksheet 11 has been revised to reflect the comments on the Parcel G work plan and SAP.

11. SAP Worksheet #11, Step #7, Develop the Plan for Obtaining Data -See DTSC draft Work Plan
comment #8.

See response to USEPA General Comment 6 on the Parcel G work plan. The SAP has been
updated accordingly.

12. SAP Worksheet #14, Phase 1 Trench Unit - This section indicates that excavated soil will
"undergo radiological assay following either the automated soil sorting process or Radiological
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Screening Yard (RSY) pad process." CDPH EMB has indicated that the automated soil sorting 
process must be approved by CDPH staff prior to initiation of this method. Most likely, the US 
EPA will also require the same. Therefore, please revise this Section as follows: " .........undergo 
radiological assay following either the automated soil sorting process (if approved by CDPH and 
US EPA) or Radiological Screening Yard (RSY) pad process." 

The Soil Sorting Operations Plan will be submitted to the regulatory agencies for review and 
concurrence. See response to CDPH Specific Comment 12 on the Parcel G Work Plan.  

13. SAP Worksheet #14, Phase 2 Trench Unit - See DTSC Work Plan comment #8

See response to USEPA General Comment 6 on the Parcel G work plan. The SAP has been
updated accordingly.

14. SAP Worksheet #14, Phase 2 Trench Unit, paragraph 4 - See DTSC Work Plan comment #1. SAP
Figures will need to be revised accordingly.

See response to USEPA General Comment 2 on the Parcel G work plan. The figures have been
updated accordingly.

15. SAP Worksheet #14, Phase 2 Survey Unit - See DTSC Work Plan comment #1. SAP Figures will
need to be revised accordingly.

See response to USEPA General Comment 2 on the Parcel G work plan. The figures have been
updated accordingly.

16. SAP Worksheet #14, Site Restoration and Demobilization - If imported fill material is required to
complete backfill requirements, DTSC's guidance, Information Advisory Clean Imported Fill
Material must be used.

Worksheet 14 was revised as requested.

17. SAP Worksheet #17, Sampling and Survey Design and Rationale - See DTSC Work Plan comment
#1. SAP Figures will need to be revised accordingly. Additionally, DTSC defers to CDPH and US
EPA to provide comments on the technical aspects of this worksheet.

See response to USEPA General Comment 2 on the Parcel G work plan. The figures have been
updated accordingly.

18. SAP Worksheets - DTSC defers to CDPH and US EPA to provide comments on all technical
radiological worksheets provided in the SAP.

Comment noted.

CDPH Comments
General Comments 
1. Please note that CDPH-EMB utilizes Section 30256 in Title 17 of the California Code of

Regulations (17 CCR 30256) to render a decision to concur with a Radiological Unrestricted
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Release Recommendation (RURR). As a result, CDPH-EMB requires a final status survey report 
that compares the distribution of data from the survey site with applicable reference area data 
and documents the remediation efforts. The final status survey should document and explain 
reasonable efforts that have been made to remediate the site. 

See response to CDPH General Comment 1 on the Parcel G work plan. The SAP has been 
updated accordingly. 

2. CDPH-EMB received the draft sampling and analysis plan (SAP) three days after submittal of our
comments on the draft Parcel G Evaluation Work Plan (June, 2018) on August 14, 2018, because
of this we understand that our comments on the Work Plan have not been reflected in the draft
SAP. Therefore, to avoid repeating our previous comments, many of EMB's comments on the
draft SAP refer to specific comments on the draft Work Plan. The comments submitted for the
draft Parcel G Evaluation Work Plan are attached for reference purposes.

Comment noted, the SAP was updated per the Parcel G work plan comments and responses to
comments.

Specific Comments 
3. Executive Summary. page five. paragraph two. sentence four, "There have been various

allegations of data manipulation or falsification committed by TtEC employees and their
subcontractors during the TCRA." These allegations have been admitted to by Tetra Tech Inc.,
NJ; in a 10/11/2016 Nuclear Regulatory Commission Enforcement Action, EA-15-230; specifically
that employees of Tetra Tech deliberately falsified soil sample records on several occasions at
HPNS. Additionally, two Tetra Tech Radiological Supervisors, Justin Hubbard, and Stephen Rolfe,
both supervisors for Tetra Tech at HPNS; pled guilty to falsifying soil samples in Federal Court
and were incarcerated. Please correct the record in this, and in any similar references in this
document (including, but not limited to, work sheets, attachments and appendices) to
"allegations" by noting that both the Tetra Tech admission plea in the 10/11/2016 Nuclear
Regulatory Commission Enforcement Action, EA-15-230 and the subsequent guilty pleas of the
two individuals noted above.

See response to USEPA Specific Comment 2 on the Parcel G work plan. The Executive
Summary has been updated accordingly.

4. Executive Summary, (Soil Investigations), page five, paragraph one, sentence one, "Soil
investigations will be conducted in a phased approach at the following areas in Parcel G: ... "
Please see EMB comment number 10.

See response to CDPH Specific Comment 10 on the Parcel G work plan. The SAP was updated
accordingly.

5. Executive Summary, (Soil Investigations), page five, paragraph one, sentence two, "Phase 1
includes investigation of a targeted group of trench units (TUs) and survey units (SUs). Of the 63
former sanitary sewer and storm drain TUs, 21 were selected for the Phase 1 investigation."
Please see EMB comment number 11.

See response to CDPH Specific Comment 11 on the Parcel G work plan. The SAP was updated
accordingly.
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6. Executive Summary, (Soil Investigations), page six, paragraph two, sentence two, "2) soil may be
processed and scanned using soil segregation technology." Please see EMB comment number
12.

See response to USEPA Specific Comment 12 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

7. Executive Summary, (Soil Investigations), page six, paragraph two, sentence three, "Following
excavation to the original TU boundaries, additional excavation of approximately 6 inches of the
trench sidewalls and floors will be performed to provide ex situ scanning and sampling of the
trench sidewalls and floors." Please see EMB comments numbers 13 and 14.

See responses to CDPH Specific Comments 13 on the Parcel G work plan. The SAP was updated
accordingly.

8. Executive Summary, (Soil Investigations), page six, paragraph three, sentence five, The data will
be compared and evaluated to provide representative RBA data sets that will be used to evaluate
site investigation data to support a final decision on whether residual radioactivity is found to
exceed the RGs, thus requiring further remediation." Please see EMB comment number 7.

See response to CDPH Specific Comment 7 on the Parcel G work plan. The SAP was updated
accordingly.

9. Executive Summary, (Building Investigations), page six, paragraph one, sentence one, "Building
investigations will be performed at the following structures in Parcel G ... " Please see EMB
comment number 8.

See response to CDPH Specific Comment 8 on the Parcel G work plan. The SAP was updated
accordingly.

10. Executive Summary, (Data Evaluations), page seven, paragraph three, sentence one, "If the
investigation results demonstrate that site conditions are not compliant with the Parcel G ROD
RAO, then the data will be evaluated to determine whether site conditions are protective of
human health using the United States Environmental Protection Agency's (USEPA's) current
guidance on Radiation Risk Assessment at CERCLA Sites (USEPA, 2014a)." Please see EMB
comment number 19.

See response to CDPH General Comment 1 on the Parcel G work plan. The SAP was updated
accordingly.

11. SAP Worksheet #10-(Conceptual Site Model), page 39, paragraph two, sentence one, "Following
the investigation and removal actions, there were allegations that TtEC potentially manipulated
and falsely represented data." Please see EMB Specific Comment number 3 of this memo.

See response to USEPA Specific Comment 2 on the Parcel G work plan. The SAP was updated
accordingly.

12. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements, Step 1,
(State the Problem), page 45, paragraph one, sentence one, ''There have been various
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allegations of data manipulation or falsification committed by a contractor during past sanitary 
sewer and storm drain removal actions and current and previous soil and building investigations 
in Parcel G." Please see EMB Specific Comment number 3 of this memo. 

See response to USEPA Specific Comment 2 on the Parcel G work plan. The SAP was updated 
accordingly. 

13. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements. Step 5,
(Develop Decision Rules), page 45. bullet one. sentence two, "The RACR will describe the results
of the investigation, and will provide a demonstration that radioactivity levels meet the Parcel G
RAO or represent background conditions." Please replace the word, "or", with the word, "and".

See response to USEPA General Comment 2 on the Parcel G work plan. Worksheet 11 was
updated accordingly.

14. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements, Step 5,
(Develop Decision Rules), page 45, bullet one, sentence one, "If the building and soil
investigation results demonstrate that site conditions are not compliant with the Parcel G RAO
and exceed background levels, then the data will be evaluated to determine whether site
conditions are protective of human health using USEPA 's current guidance on Radiation Risk
Assessment at CERCLA Sites (USEPA, 2014a), Please see EMB comment number 19.

See response to CDPH General Comment 1 on the Parcel G work plan. Worksheet 11 was
updated accordingly.

15. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements, Step 6,
(Specify the Performance Criteria). page 45. bullet one, inset one. sentence two, "Analysis will
be based on the site-specific ROCs (Worksheet #17). All soil samples at a minimum will be
assayed by gamma spectroscopy for 137Cs and 226Ra with at least 10 percent of samples
receiving gas flow proportional analysis for 90Sr. Additionally, if the laboratory results indicate
concentrations of 137Cs above its RG (Worksheet #15a), the sample will be analyzed for 90Sr. If
the laboratory results indicate the presence of concentrations of 137Cs or 90Sr at or above the
respective RG (Worksheets #15a and #15c), additional analysis via alpha spectroscopy for 239Pu
will be performed (Worksheet #15b). Please see EMB comments numbers 48 and 49.

See responses to CDPH Specific Comments 48 and 49 on the Parcel G work plan. Worksheet 17
was updated accordingly.

16. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements, Step 7,
(Develop the Plan for Obtaining Data), page 45, Soil Investigation, bullet one, inset one,
sentence one, "Phase 1 TUs/SUs - The radiological investigation will be conducted on a targeted
group of 21 of the 63 TUs associated with former sanitary sewers and storm drains, and 14 of
the 28 SUs associated with surface soil at building sites in Parcel G (see Figure 11-1). The Phase 1
TUs/SUs will be investigated using gamma scan surveys and soil sampling as described in
Worksheets #14 and #17." Please see EMB comment number 22.

See response to CDPH Specific Comment 22 on the Parcel G work plan. The SAP was updated
accordingly.
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17. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements, Step 7,
(Develop the Plan for Obtaining Data), Soil Investigation, page 45, bullet one, inset two,
sentence one, "Phase 2 TUs/SUs - Additional soil sampling will be conducted on the remaining 42
TUs and 14 SUs in Parcel G (see Figure 11-1). The Phase 2 TUs/SUs will be investigated with soil
sampling and scanning of soil cores as described in Worksheets #14 and #17. Please see EMB
comment number 25.

See response to CDPH Specific Comment 25 on the Parcel G work plan. The SAP was updated
accordingly.

18. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements, Step 7,
(Develop the Plan for Obtaining Data), Soil Investigation. page 45, bullet one, inset three,
sentence one, "The soil samples collected as part of the Phase 1 and Phase 2 investigations will
be analyzed for the applicable ROCs by accredited offsite laboratories and the results will be
evaluated as described in Step 6." Please see EMB comment number 21.

See response to CDPH Specific Comment 21 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

19. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements, Step 7,
(Develop the Plan for Obtaining Data), Soil RBA Investigation, page 45. inset one, bullet one,
sentence one, "Soil samples will be analyzed for the applicable ROCs along with NORM
radionuclides and fallout radionuclides by accredited offsite laboratories (Worksheet #17)."
Please see EMB comment number 25.

See response to CDPH Specific Comment 12 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

20. SAP Worksheet# 11-Project Quality Objectives/Systematic Planning Process Statements, Step 7,
(Building lnvestigation),page 45, inset one, sentence one, “Building investigations will be
conducted on floors, wall surfaces, and ceiling surfaces, and will consist of alpha and beta scan
surveys, alpha-beta static measurements, and alpha-beta swipe samples as described in
Worksheets #14 and #17." )." Please see EMB comment number 15.

See response to CDPH Specific Comment 15 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

21. SAP Worksheet #12-(Field Quality Control Samples) - page 49, Soil Measurement Performance
Criteria Table - Field QC Samples, Split Sample, Frequency, "To be determined by the
stakeholders on a case by case basis for each site." Please retain all soil samples obtained for
regulatory agency confirmation.

Worksheet 12 was updated to state that soil samples will be retained until the contractor for
Parcel G soil work demobilizes from the site.

22. SAP Worksheet #13-Secondary Data Criteria and Limitations, page 51;(How Data Will be Used),
"To determine whether site conditions in soil and building surfaces are compliant with the Parcel
G ROD RAO (Navy, 2009), analytical and building data will be compared to the RGs for Parcel G
ROCs." Please see EMB comment number 19.
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See response to CDPH General Comment 1 on the Parcel G work plan. The SAP was updated 
per the Parcel G work plan comments and responses to comments. 

23. SAP Worksheet #14-Summary of Project Tasks (Automated Soil Sorting System), page 56,
paragraph one, sentence one, "Soil sorting systems are radiological monitoring and processing
systems designed to perform real-time segregation of soil into two distinct bins based upon the
soil's radiological properties" Please see EMB comment number 12.

See response to USEPA Specific Comment 12 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

24. SAP Worksheet #14-Summary of Project Tasks (Phase 2 Trench Unit), page 56, paragraph one,
sentence two, "Subsurface soil samples will be collected as described in Worksheet #21 and
Attachment 2)." Please see EMB comment number 25.

See response to CDPH Specific Comment 25 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

25. SAP Worksheet #15a-Reference Limits and Evaluation Soil Gamma Spectroscopy, (Laboratory-
Specific Limits), MDC (pCi/g), page 63. The limits in this table of 0.05 and 0.1 pCi/g respectively
for Cs-137 and Ra-226; appear to be less than the Method Scope, Applicability, And Detection
Limit listed in Standard Operating Procedure,GL-RAD-A-013 Rev 26, (The Determination of
Gamma Isotopes), Section 3.1, "A typical detection limit is 10 pCi/L or 0.1 pCilg (based on Cs-
137)": as well as the Method Scope, Applicability, And Detection Limit listed in Standard
Operating Procedure, GL-RAD-A-008 Rev 15, GEL Laboratories, LLC (GEL). (Determination of
Radium-226), Section 3.2, "Method Detection Limit (MDL): typical minimal detectable activity
(MDA) for samples analyzed for Ra-226 is 1pCi/L or 1pCi/G." Please resolve these differences.

The SOPs reflect standard method MDCs that are the default values if a project does not
specify a site-specific detection limit. However, the lab can achieve the lower MDCs specified
in Worksheet 15a with larger aliquots and/or longer count times. A footnote was added for
clarification.

26. SAP Worksheet #15b-Reference Limits and Evaluation Soil Alpha Spectroscopy, (Laboratory-
Specific Limits), MDC (pCi/g), page 64. The limits in this table of 0.1 and 0.5 pCi/g respectively for
Ra-226 and Pu-239/240; appear to be less than the Method Scope, Applicability, And Detection
Limit listed in Standard Operating Procedure, GL-RAD-A-011 Rev 26, GEL Laboratories, LLC (GEL).
(The Isotopic Determination of Americium, Curium, Plutonium and Uranium), Section 3.1.
"Method Detection Limit (MDL Typical minimum detectable activity (MDA) for samples analyzed
for Am/Cm/Pu/U is 1 pCi/L or 1 pCilg for all isotopes." Please resolve these differences for Pu-
239/40.

The SOPs reflect standard method MDCs that are the default values if a project does not
specify a site-specific detection limit. However, the lab can achieve the lower MDCs specified
in Worksheet 15b with larger aliquots and/or longer count times. A footnote was added for
clarification.

27. SAP Worksheet #15c-Reference Limits and Evaluation Soil Gas Flow Proportional Counting:
(Laboratory-Specific Limits). MDC (pCi/g), page 65. The limits in this table for Sr-90, 0.15 pCilg;
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appear to be less than the Method Scope, Applicability, And Detection Limit listed in Standard 
Operating Procedure, GL-RAD-A-004 Rev 18, GEL Laboratories, LLC (GEL). (The Determination of 
Strontium 89/90 in Water, Soil. Milk, Filters, Vegetation, and Tissues), Section 3.1, "Method 
Detection Limit (MDL): Typical minimum detectable activity (MDA) for samples analyzed for Sr-
89 and Sr-90 is 2 pCi/L or 2 pCi/g." Please resolve these differences. 

The SOPs reflect standard method MDCs that are the default values if a project does not 
specify a site-specific detection limit. However, the lab can achieve the lower MDC specified in 
Worksheet 15c with larger aliquots and/or longer count times. A footnote was added for 
clarification. 

28. SAP Worksheet #17-Sampling and Survey Design and Rationale (Soil Investigation). page 73
paragraph one, sentence two, "The radiological investigation design and rationale are based on
methods, techniques, and instrument systems in the Basewide Radiological Management Plan
(TtEC, 2012), with the ultimate requirement to demonstrate compliance with the Parcel G ROD
RAO". Please see EMB comment number 19.

See response to CDPH General Comment 1 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

29. SAP Worksheet #17-Sampling and Survey Design and Rationale (Soil Investigation). page 73
paragraph three, sentence two, "Additionally, Phase 2 SU samples collected from the Former
Building 317/364/365 Site will also have 10 percent of samples receiving alpha spectroscopy
analysis for 239Pu. If the laboratory results indicate concentrations of 137Cs above its RG
(Worksheet #15a), the sample will be analyzed for 90Sr (Worksheet #15c)." Please see EMB
comments 48 and 49.

See response to CDPH Specific Comments 48 and 49 on the Parcel G work plan. Worksheet 17
was updated accordingly.

30. SAP Worksheet #17-Sampling and Survey Design and Rationale (Phase 1 Trench Unit}, page 73
paragraph one. sentence one. "Radiological investigations will be conducted on a targeted group
of 21 of the 63 TUs associated with former sanitary sewer and storm drain lines (Figure 11-1 and
Worksheet #18) to evaluate whether concentrations of ROCs are compliant with the RAO in the
Parcel G ROD (Navy, 2009)."Please see EMB comments numbers 8 and 19.

See responses to CDPH Specific Comments 8 and CDPH General Comment 1 on the Parcel G
work plan. The SAP was updated per the Parcel G work plan comments and responses to
comments.

31. SAP Worksheet #17-Sampling and Survey Design and Rationale (Phase 1 Trench Unit), page 74,
paragraph two, bullet one sentence one, "If the automated soil sorting system process is used,
18 systematic soil samples will be collected from each ESU or SFU during assay with the soil
sorting system". Please see EMB comment 12.

See response to USEPA Specific Comment 12 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.
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32. SAP Worksheet #17-Sampling and Survey Design and Rationale (Phase 2 Trench Unit), page 74,
paragraph two, sentence one, "Within the backfill of each Phase 2 TU boundary, six systematic
locations will be cored down to approximately 6 inches below the depth of the previous
excavation". Please see EMB comment number 25.

See response to CDPH Specific Comment 25 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

33. SAP Worksheet #17-Sampling and Survey Design and Rationale (Phase 2 Trench Unit), page 74,
paragraph three, sentence one, "An additional set of 18 systematic samples will be collected
from 6 systematic locations representative of the trench sidewalls". Please see EMB comment
number 25.

See response to CDPH Specific Comment 25 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

34. SAP Worksheet #17-Sampling and Survey Design and Rationale (Phase 1 Survey Unit), page 75,
paragraph one, sentence one, "The Phase 1 SU investigation will be conducted on a targeted
group of 14 of the 28 SUs associated with soil from building sites where only surface soil
scanning and sampling were previously conducted (Figure 11-1)". Please see EMB comment
number 8.

See response to CDPH Specific Comment 8 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

35. SAP Worksheet #17-Sampling and Survey Design and Rationale (Phase 2 Survey Unit), page 75,
paragraph one, sentence one, "The Phase 2 SU investigation will be conducted on the remaining
14 of 28 SUs in Parcel G (Figure 11-1)." Please see EMB comment number 8.

See response to CDPH Specific Comment 8 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

36. SAP Worksheet #17-Sampling and Survey Design and Rationale (Reference Background Area
Investigation), page 76, paragraph two, sentence two, "In order to simplify the sampling design,
an approximately 20-foot by 20-foot square has been established within each of the four
historical RBA footprints." Please see EMB comment number 65.

See response to CDPH Specific Comment 65 on the Parcel G work plan. The SAP has been
updated accordingly.

37. SAP Worksheet #17-Sampling and Survey Design and Rationale (Reference Background Area
Investigation), page 76, paragraph two, sentence eight, "Both surface gamma scan surveys and
surface soil samples will be collected from RBA-Bayview to provide a more accurate surface soil
data set to represent undisturbed surface soil areas." Will subsurface soil samples be taken in
the Bayview Park RBA? If so, how many subsurface soil samples will be obtained?

Twenty-five subsurface soil samples be collected from the RBA-McLaren location and the SAP
was updated to reflect this.
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38. SAP Worksheet #17-Sampling and Survey Design and Rationale (Building Investigation), page 77,
paragraph one, sentence two, "The radiological investigation design and rationale is based on
methods, techniques, and instrument systems in the Basewide Radiological Management Plan
(TtEC, 2012), with the ultimate requirement being to demonstrate compliance with the Parcel G
ROD RAO." Please see EMB comment number 19.

See response to CDPH General Comment 1 on the Parcel G work plan. The SAP was updated
per the Parcel G work plan comments and responses to comments.

39. SAP Worksheet #17-Sampling and Survey Design and Rationale (Building Investigation), page 78,
paragraph one, sentence three, "Parcel G buildings will be divided into identifiable SUs similar in
area and nomenclature to the previous final status survey of each building." The following
differences have been identified on comparing the building survey efforts proposed in the Parcel
G work plan with the building final status survey reports (from years 2009 and 2010). Please
provide justification for the deviation from the original work plan for each building and explain
how the recommendations of the Historical Radiological Assessment (2004) are being met.

a. Building 351A and Crawlspace: Survey units 045, 046, 047, R, S, and U are not being
surveyed. Please explain.

For the Building 351A Crawl Space, former SU-R, SU-S, and SU-U overlapped SU-M, SU-
N, and SU-O and will be investigated as SU-M, SU-N, and SU-O during the soil
investigation and a footnote was added for clarification.

SUs 45, 46, and 47 in Building 351A will be surveyed as Class 2 SUs and the Class 2 SUs
were added to the figure.

b. Building 351: Survey Units 039, 040, 052, 053, 054 are not being surveyed. Please
explain.

SUs 39, 40, 52, 53, and 54 in Building 351 will be surveyed as Class 2 SUs and the Class
2 SUs were added to the figure.

c. Building 366: Survey Units 060 to 068 are not being surveyed. Please explain.

SUs 60 through 68 in Building 366 will be surveyed as Class 2 SUs and the Class 2 SUs
were added to the figure.

d. Building 401: Survey Units 001 to 022, 030, 031, and 032 to 035 are not being surveyed.
Please explain.

SUs 1 to 22 and 30 to 35 in Building 401 will be surveyed as Class 1 or 2 SUs and are
included and/or were added to the figure.

e. Building 408: Survey Unit 002 is not being surveyed. Why does SU-001 have a different
shape compared to the final status survey report (2009)? Please explain.

SU 2 will be surveyed as a Class 2 SU and was added to the figure.
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f. Building 411: Survey Unit-001, 002, 003, 004 are not being surveyed. Have the survey
units SU-005 through SU-011 been redrawn? Will the second floor be surveyed? Please
explain.

SUs 2 through 11 in Building 411 will be surveyed as Class 1 or 2 SUs and are included
and/or were added to the figure. SUs 5 through 11 were not redrawn. The third floor
and mezzanine are no longer accessible due to significant safety concerns and
therefore SU 1 will not be surveyed. This explanation was added to the Parcel G work
plan.

g. Building 439: Survey Unit 003 is not being surveyed. Have the survey units SU-004
through SU-006 been redrawn? Please explain.

The original survey area consisted of two Class 1 SUs (SU 1 and SU 2) on the floors and
lower walls of the enclosure, and a Class 2 SU (SU 3) on the enclosure upper walls and
ceiling. After remediation was performed in a small area within SU 1, a new Class 1 SU
(SU 4) was established within the remediated area, and two Class 2 SUs were
established as buffer areas within the enclosure and in a 2-meter perimeter on the
outside of the enclosure (SUs 5 and 6, respectively). Because of the overlap of the pre- 
and post-remediation SUs, the investigation at Building 439 will consist of Class 1
surveys in SUs 1 and 2, and Class 2 surveys in SUs 3 and 6 and the figure was updated
to reflect this. The Class 1 survey in SU 1 will capture areas previously surveyed as SU
4 and 5.

40. Attachment B - Standard Operating Procedure (Locating and Clearing Underground Utilities),
Services Available for Identifying and Marking Underground Utilities. None of the services that
are available for identifying and marking underground utilities listed throughout this appendix
are located in the State of California. Please correct.

The SOP was removed from the SAP and work plan. The work plan includes the utility locating
process.

41. Attachment B - Standard Operating Procedure Decontamination of Personnel and Equipment
Section F, (Heavy Equipment And Tools). page four, "Steam clean heavy equipment until no
visible signs of dirt are observed." Is it in fact Navy's intent to steam clean heavy equipment and
tools as they leave the radiologically controlled areas?

For radiologically controlled areas, equipment and materials will be surveyed and
decontaminated based on the referenced SOP and procedures outlined in Section 6 of the
Parcel G work plan. Steam cleaning may not be required if dry methods are successful in
meeting the radiological release criteria.



Attachment 2 
Field SOPs 



AApplication and Description of Standard Operating Procedures

SOP Number SOP Title Application and Purpose

CH2M Document Soil Sampling Provides guidelines for obtaining samples of surface and
subsurface soils using hand and drilling-rig-mounted
equipment.

CH2M Document Logging of Soil Borings Provides guidance for obtaining accurate and consistent
descriptions of soil characteristics during soil sampling
operations.

CH2M Document Decontamination of Equipment and
Samples

Provides general guidelines for the decontamination of
sampling equipment, and monitoring equipment used in
potentially contaminated environments.

CH2M Document Preparing Field Logbooks Provides general guidelines for entering field data into
logbooks during site investigation and remediation
activities.

CH2M Document Chain-of-Custody Provides information on chain-of-custody procedures.

CH2M Document Packaging and Shipping Procedures for
Low-concentration Samples

Provides information on preparing, packaging, and
shipping low activity radioactive samples for analysis.

RP-100 Radiation Protection Program Describes the major elements of the Radiation Protection
Program.

RP-102 Radiological Posting Identifies the types of postings necessary and
requirements to clearly identify radiological conditions in
a specific area or location within an area for consistent
posting and control of RCAs. It also specifies the
requirements for access into and egress from RCAs.

RP-103 Radiation Work Permits Preparation and
Use

Provides direction on the requirements of the
application, preparation, approval, issuance, and use of
general and specific Radiation Work Permits.

RP-104 Radiological Surveys Specifies methods and requirements for radiological
surveys, and the documentation required for the
acquired survey data.

RP-105 Unrestricted Release Requirements Describes the method of surveying equipment, materials,
or vehicles for release for unrestricted use.

RP-106 Survey Documentation and Review Provides the methodology for documenting radiological
surveys and provides criteria for the review of these
surveys.

RP-107 Measurement of Airborne Radioactivity Provides the basis and methodology for the placement
and use of air monitoring equipment, as well as the
collection, analysis, and documentation of air samples.

RP-108 Count Rate Instruments Provides the methods for setup, daily pre-operational
check, and operation of portable count-rate survey
instruments.

RP-109 Dose Rate Instruments Provides the methods for performing source checks and
operating portable gamma scintillation dose rate
instruments, specifically, the Ludlum Model 12s uR and
the Bicron Model Micro Rem.

RP-111 Radioactive Materials Control and Waste
Management Plan

Provides guidance and requirements for the control of
radioactive materials, including the management of
radioactive waste.

RP-112 Dosimetry Issue Provides consistent methodology for the issuance of
radiation monitoring dosimetry devices.



AApplication and Description of Standard Operating Procedures

SOP Number SOP Title Application and Purpose

RP-114 Control of Radiation Protection Records Describes the requirements for controlling Radiation
Protection Program records. It also establishes the
requirements for review and temporary storage of these
records.

RP-115 Radiation Worker Training Provides consistent methodology for implementing
Radiation Worker Training.

RP-130 Event Reporting and Notification for State
of California

Provides a list of California regulatory contacts, a
checklist for initiating emergency notifications, and
general guidance for notification of incidents.

RP-132 Radiological Protective Clothing Selection,
Monitoring, and Decontamination

Provides the guidance for selecting protective clothing,
performing personnel surveys, and decontaminating
personnel.

Note:
RCA = radiologically controlled area
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STANDARD OPERATING PROCEDURE

Soil Sampling

I. Purpose and Scope
The purpose of this procedure is to provide guidelines for obtaining samples of surface and
subsurface soils using hand and drilling-rig mounted equipment.

II. Equipment and Materials
Stainless-steel trowel, shovel, scoop, coring device, hand auger, or other
appropriate hand tool

Split-spoon samplers

Thin-walled sampling tubes

Drilling rig or soil-coring rig

Stainless-steel pan/bowl or disposable sealable bags

Sample bottles

III. Procedures and Guidelines
Before sampling begins, equipment will be decontaminated using the
procedures described in SOP Decontamination of Drilling Rigs and Equipment.
The sampling point is located and recorded in the field logbook.  Debris should
be cleared from the sampling location.

A. Surface and Shallow Subsurface Sampling

A shovel, post-hole digger, or other tool can be used to remove soil to a point
just above the interval to be sampled.  A decontaminated sampling tool will be
used to collect the sample when the desired sampling depth has been reached.
Soil for semivolatile organic and inorganic analyses is placed in the bowl and
mixed; soil for volatile organic analysis is not mixed or composited but is
placed directly into the appropriate sample bottles.  A stainless-steel trowel or
disposable plastic scoop is used to transfer the sample from the bowl to the
container.

The soils removed from the borehole should be visually described in the field
log book, including approximated depths.

When sampling is completed, photo-ionization device (PID) readings should
be taken directly above the hole, and the hole is then backfilled.
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More details are provided in the SOP Shallow Soil Sampling.

B. Split-Spoon Sampling

Using a drilling rig, a hole is advanced to the desired depth.  For split-spoon
sampling, the samples are then collected following the ASTM D 1586 standard
(attached).  The sampler is lowered into the hole and driven to a depth equal to
the total length of the sampler; typically, this is 24 inches.  The sampler is
driven in 6-inch increments using a 140-pound weight (“hammer”) dropped
from a height of 30 inches.  The number of hammer blows for each 6-inch
interval is counted and recorded.  To obtain enough volume of sample for
subsequent laboratory analysis, use of a 3-inch ID sampler may be required.
Blow counts obtained with a 3-inch ID spoon would not conform to ASTM D
1586 and would therefore not be used for geotechnical evaluations.

Once retrieved from the hole, the sampler is carefully split open.  Care should
be taken not to allow material in the sampler to fall out of the open end of the
sampler.  To collect the sample, the surface of the sample should be removed
with a clean tool and disposed of.  Samples collected for volatiles analysis
should be placed directly into the sample containers from the desired depth in
the split spoon.  Material for samples for all other parameters should be
removed to a decontaminated stainless-steel tray or disposable sealable bag.
The sample for semivolatile organic and inorganic analyses should be
homogenized in the field by breaking the sample into small pieces and
removing gravel.  The homogenized sample should be placed in the sample
containers.  If sample volume requirements are not met by a single sample
collection, additional sample volume may be obtained by collecting a sample
from below the sample and compositing the sample for non-volatile
parameters only.

Split-spoon samples also will be collected using a tripod rig.  When using a
tripod rig the soil samples are collected using an assembly similar to that used
by the drilling rig.

C. Thin-Walled Tube Sampling

Undisturbed fine grained samples may be collected for analysis for
geotechnical parameters such as vertical hydraulic conductivity. These samples
will be collected using thin-walled sampling tubes (sometimes called Shelby
tubes) according to ASTM D 1587 (attached). Tubes will be 24- to 36 inches
long and 3- to 4-inches in diameter, depending upon the quantity of sample
required. Undisturbed samples will be obtained by smoothly pressing the
sampling tube through the interval to be sampled using the weight of the
drilling rig. Jerking the sample should be avoided. Once the sample is brought
to the surface, the ends will be sealed with bees wax and then sealed with end
caps and heavy tape. The sample designation, data and time of sampling, and
the up direction will be noted on the sampling tube. The tube shall be kept
upright as much as possible and will be protected from freezing, which could
disrupt the undisturbed nature of the sample. Samples for geochemical
analysis normally are not collected from thin-walled tube samples.
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IV. Attachments
ASTM D 1586 Standard Penetration Test Method for Penetration Test and Split-Barrel
Sampling of Soils (ASTM D1586.pdf)

ASTM D 1587 Standard Practice for Thin-Walled Tube Sampling of Soils (ASTM
D1587.pdf)

V. Key Checks and Preventative Maintenance
Check that decontamination of equipment is thorough.

Check that sample collection is swift to avoid loss of volatile organics during
sampling.
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•u I I 7 
IHTCRNAT/OHAL 

Standard Test Method for 
Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils1 

Th" ,rnndarJ " ",ueJ under the ll\~-J Je,1~n.1111t11 D I~~(>; the num!ic,r imm<tl1a1el~ following the ,k,1i:nauon ind1cain 1hc vcar of 
nn~inJI adnpu,,n ,,r, 1111hc .-a~ of rc,i~o,,n. 1hc year nl la,1 ~\M11n ,\ numtic,r 111 ra~nlhcsc, 111d1.:a1c, th<, )Cilr of la,1 ~Jflp~,al \ 
,upcr"npt c:p,1lon (E) Uk.l1i:at~ an cJnoriaJ t:h;mgc ... rn~c the la.,t rcvh11>n ut rc,tppnwal 

/111, :.11,mt/,,r,/ 11,u 1,,,.,, u1•11ro,·td for ,oe h~ mwm lt'l ,,t tlir Ott",,.'"'''"'<'( Ot/tll\f' 

I. Scope* 

1.1 Tht\ te\t method de-,cnbe-, the procedure. generally 
knm~ n a-, the Standard Penetration Test (SPT). for dnvmg a 
split-barrel ,ampler to obtain a repre,entati\'e disturbed soil 
,ample for 1de111ificatinn purpo,e\. and mea,,ure the re~i,tance 
of the ,oil JO pene1rat1on of the ,ampler. Another method (Te,t 
.\Jet hod D 1SSOJ to dri, e a ,pl it-barrel ,ample, to ohta111 a 
repre ... entat1ve ,oil ,ample ,., aH1ilable hut the hammer energ} 
1, 1101 ,1andard11cd 

1.2 Praeuce ll oc gl\e~ a guide lO determ111111g the nor­
mahzed penetrallon re-,1,tance of ,ands for energy ad.1ustmentl> 
ol '\-value to a consmnL energy Je\'el for e,aluating liquefac­
uon potential. 

1.3 Te,t results and 1den11hcat1on information are u,cd to 
cst1111ate ,ub,urfoce conditions for foundation de,1gn. 

I ..4 Penetration res1,tance te,ung 1, t)p11.:ally performed at 
5-foot depth 1nten al, or v. hen a s1gmticant 1.hange of materiab 
" oh,ened dunng dri lhng. unles, otherw1,e spec1hed. 

I 5 Thi, test method 1, limned LO use m nonl11h1tied soil., 
and ,01ls whose maximum particle ,11e 1, approximately les, 
than one-half of the ,ampler diameter 

1.6 Thi, test method inrnlYes u,e of rotary dnlling equip­
ment (Guide D .;;;:-,_- , Pracuce f) , , I). Other dri lling and 
,amphng procedures (Guide I) x ,, Guide I ( I ( t) are avail­
able and ma} he more appropriate Consideration, for hand 
I.Im ing or ,hallow ,,1111plmg v. ithout horchnle, are not ad­
dre,,ed Sub,urfacc 111ve,11gat101h ,hould he recorded Ill ac­
rnrdance w11h Practice I l ., Samples should he pre,erved 
anll tran'>p<.111ed 1n accordance with Practice , 1 u,mg 
Gmup B. S011 samples ,hould be 1dcnllfied b} group name and 
\jmhol m accordance with Practice D 

1.7 All oh,ened and calculated ,aJue, ,hall contonn to the 
guidelines for significant digm and rounding established m 
Practice D ,.q '.fl. un less ~uper-,eded by th1, te,t method. 

1.8 The \'alue, Mated 111 mch-pound untt, are to be regarded 
a, ,tandard. except a, noted helow. The value, given in 

1 1111, mctlk>d 1, under lhc 1un-.J1<11,10 ,,r AST\I Coonmm~c I> Iii ,,n Soil and 
R,1<:l anJ •~ 1hc dirc,·1 rc,po11>1h1lil) ol Suhco111m111cc DI !i.ll:? on Samphn~ anJ 
Rcla1cd Field Tc,t111g for 'ioi I E\ ,duauun, 

C11m,n1 cJ111on appm,cd Fch I, :?008. Put,lish<-J ~ an;h 1008 Oniunally 
•rrn"cd m 195!!. L1St prc,iou, e,hti,111 arrn"cJ 111 19!1'.1 a., D 15Kti - 99 

parenthe~es are mathemaucal con\'ef\1ons to S I unit!-.. \\h1ch 
are provided for 111fonnation onl) and are not cons1derc:d 
standard. 

1.8.1 The gra, itational ,y,tem of mch-pound unih i, u,ed 
,, hen dealing wllh mch-pound unit~. In this system. the pound 
(lbfl repre,eni... a umt ol force (weighn. while the umt for nia,, 
1, ,lug, . 

1.9 Penetration resistance mea,urement, often will 1mohe 
,afet) planning. adm111istration .• ind documentat1on. Thi, t6l 
method doe, not purport to addres, all a,pech ol exploration 
and site !>afety. This standard dues ,wt purport IO addren all of 
tlw wfi.'I\ co11cems. 1:f am, associated 11-ith ,a r11e. It tJ the 
n·sponsib1/11y of the user of this sumdard to e1tahl1JIJ appm­
prialc .mfetr and health prauice., and determine the applin,­
hiliry of regulator\' lim1ta1ion1· prior ro u.fe. Perfommnce of the 
te,t u,ually mvolves use of a drill ng: therefore. ,afrty 
requirement, as outlined Ill applicable ,afet) \landard, (tor 
example. OSHA regulauons.1 \JDA Drilling Safety Guide.~ 
drilling safety manual<,. and other apphcahle ,tate and local 
regulat1onsl mu,t he ohsened. 

2. Referenced Documents 

2.1 t\STM Swndard.1: ~ 
D Termino logy Relating to Soil. Rock. and Contmm:d 

filu1d, 
D l:i5 Te,t Methods for Specific;. Gramy of S01I Snhd!-. h) 

Water P}cnometer 
I> 158 Practice for Th111-Walled Tube Sampling of Soil, 

for Geotech111cal Purpo,e, 
f> 2 Te<,t Method, for Laboratory Detem11nat1on ol Wa-

ter (Moistu re) Content of Sotl and Rod. by Ma-,, 
D ~ Practice for Cla"1fica11on of S01b for [ngmccring 

Purpo,es (Umtied Soil Class1ficauon System ) 
D Pracuce for Description and ldenufication of Soil, 

: ,\ , ailahlc from (kcupau11nal s.1ct) •nJ Hc~lth ,\dm1n1,1ra11un !OSH .\ J. ~lkl 
Cn11,1uu11on ,\v<. "I\\ , \\a,hmgton. IX. 21121(). hnp•//wv.wu,haguv 

',\,a1lahk lrom the "IJ111>nal Dnlhng ,\,"xiatn•n ,'II l Ccn1cr RJ .. Sunc W, 
Bnm,"1ck. OH .W:? 12. hup://"w"· ndJ.lu com. 

'for rdcn:nccd AST\I ,1andards. v1,u 1hc \ST\1 \\ch,uc. """a,tmuri;. ur 
conl•d ,\!,T\1 Cu,mmcr Sen ,a: ,n ,cn·1ccfiras1m OI}! r,,r '\111111nl /J,,,,A of A'il It 
Stt11td,1rds \1olume tn!Ormatmn. refer tu~ "-tan<l.ard\; Document Summ.t.r) page <m 
1hc .\'IT:\I "ch,11c. 

· \ ~umm:ir) of Chnngc., ,ection appear; a t lhe end of lhb \ landard. 

c«>vll(lfll CASHA ln1oma1,0fl(tl, 100 Bar, Ha,oo, C• ,., PO Bu• C700 Wesl ConshollOCl<en. PA 194,3-us.J. U '""' S1818S 

~-.STM,._, 
P~ r,y HS~ laflMv,,thASTlil 
No reproctuct,on o, ~ng petfflttild -N!ltlol..l flc9nM l,om tHS 

LanNa.,.t11tmOof\ VM9tiOl,58008. ~ liN 
NQI tor Reuie. Cl4·tl,'20010808 12 MOT 
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~ 

I Vi..ual-~1anual Procedure) 

n I~ PraLL1ce for Thick Wall. Ring-Lined. Split Barrel. 

Dme Sampling of Soil, 

D ~- Practice llir \11011num Requiremen1' tor Agencies 

Engaged 111 the Testing and/or ln,pel·tion ot Soil and ROl·k 

:.h U,ed m Engineenng De'ign and Ctm,truc11on 

~ I PracllC6 tor Prc,erv111g and Tran-,portmg Soil 

Sample-, 

Te,t ,\letho<l for Energy i'.\ka,urement fo1 D) narnic 

Penetrometer, 

I)~'- Guide for riel<l Logging of Suh,urfacc faplura ­

tion, ,lt Soil and Rock 

I> 57X Guide tor U,c of D11ect Rotar~ Dnlhng with 

\\',ner-Ba,ed Dnlhng riu1d for Geoell\ 1ronmental Lxplo 

ratmn and the ln,tallation ot Subsurface \\'mer-Quality 

\1omtonng Device, 

, PraLtice for U,mg Sigmlk:mt Digit-, in Geotech111-

cal Data 

I) 6066 Practice tor Determining the '-.;ormali,ed Penetra­

tion Re,i,tance of Sand, for Evaluation ot l.14uefoc1ion 

Potential 

D 61 'i I Pr.icuce tor U"ng Hollo\\-Stern Auger, tor Geo-

1ech111cal E\plorauon .ind Soil Sampling 

I) (116'> Guide for Selection ot Soil and Rock Sampling 

De, ice, Used Wnh Dnll Rig, for Ell\ mmmental 111\e,u­

gation, 

IJ 6286 Guide for Selection of Drilling \lethod, for En\'i• 

r(lnmental Sne Charac1eriza11on 

[) 09 1 Te,t \.1ethod, for Particle-S11e O1,1ribu1ion (Grada-

111,nl ot \111), U,mg S1e,c An·,h,, 

J. Terminolo!!J 

J . I Diji11111mu. Detin111nn, of tenm 111..:luded 111 lem11nol­

og) f) 653 ,pec11ic to this practice arc: 

J .1.1 cmhead. 11 the rotating drum or windla" 111 the 

rope-cathead hft -,ystem around \\ h1ch the operator y,,rap, a 

rope to lilt and drop the hammer by ,ucce,,i,ely tightening and 

loo,enmg the rope turn, around the drum 

3.1.2 drill rod.1. 11- rod, u,ed to tran,mtt dO\\ n\\ ard force 

and torque to the drill bn while drillmg a horehole. 

J .1.3 .V-rn/11e. 11• the blow count repre,entauon ol the 

penetration re,i,t,mce ol the ,oil. The N- \alue. reported 111 

blo\\, per loot. equab the ,um of the number of blow, (/\) 

required to drive thl! ,ampler over the depth inter\'al of 6 10 18 

in. (150 to 450 mm) bee 1). 

3.1.4 Stmulard P£·1tl'tratio11 TeJt (SPT). 11- a test proces, in 

the bottom or the bon:hole "here a ,pht-barrel ~ampler ha\'ing 

an in'ide diameter of either 1- 1/2-in. 138. 1 mml m l -J/8-in. 

134.lJ mml bl'e ) "dn\'en a g1n:n d1,tance ot 1.0 rt (().JO 

ml alter a ,eat111g interval of 0.5It(015 Ill) u,ing a hammer 

we1gh111g appro,imatcl) 140-lhl 162~-;-.;J tailing 30 = 1.0 in. 

t 0. 76 m ::: 11.()JU ml for l',tch hammer b)O\\ 

3.2 Deji11i11om of frrm.1 511edjic III nm !:itam/arcl: 

J .2.1 w11·i/. 11- that ponwn of the dri,e \\eight a,,embly 

which the hammer ,11ike, and through which the hammer 

energy pa"e' into the drill rod,. 

-,i,I AStl.1--
'0v-otel br IHS yn0e, ac... ...,. ASTM 
) t~ 0/ ~ ~ -'l'IOl..t IIUnN from liS 

:' 

3.2.2 clr11·t• 1n-il,/hl m.1cmhl)'. 11- an av,embly that con'i,h 

of the hammer. anvil. hammer fall guide ,y,tem. drill rod 

anachment ,y,tem. and any hammer drop ,y,tem hoi,ting 

allachml!n1'. 
J.2.3 hammer. 11- that ponwn ol the drl\e-,,e1ght a,,l!mbl) 

com,i,ting of the 140 ::: 2 lbf (623 :! 9 , I 1mpall \\eight which 

is ,ucce,si\ely ltlted and dropped to prm 1de the energy that 

accomplt,he, the ,ampltng and penetration. 

J .2.4 hammer drop ~nrem. 11- that portion nl the u1'1\I!· 

weight a,,embly by \\-h1ch the operator nr au10111at11. ,y,tem 

:.11:comphshcs the lifting and dropping of the hammer 10 

prnuu, :e the him, . 
3 .2 ~ h,1111111t·r Ji1/I 1./lliclc. 11-that pi!rt of the dri,e-,,cight 

a-,,emhl) u,ed to guide the tall ot the hammer. 

3.2.6 1111111hu of rope rurm. 11- the total contact an,l!le 

bl!twecn the rope and the cathcad at tht: beginning ul the 

operator·, rope ,lackcning I() drop the hammer. divided by 

J600 (,ee I 1p I ). 

3.2.7 J11111p/i11g rods. 11- rod, that connect the drive-weight 

a"emhly to the ,ampler. Drill ro<l, ,m .. • often u,ed for thi!> 

purpo,e. 

-t ",ignificancc and Lsc 

4.1 Thi, 1e,1 method pro" ide, a ui,turhed ,l,11 ,ample tor 

moi,ture content determination. ll1r identiticauon and lht"1fi­

cation ( Practice\ 1 · and ) 248 l pufP(N:,. and tor laho­

ratory test, apprnpnate for ,;011 obtained from a ,ampler that 

" ill produce large ,hear ,1rn111 di,turbancc in the \ample wt·h 

a, Te,t Method, D SS -. ) 2216. and D 6<> I Soll depo,i1' 

containmg gr.1vel,. cohhle,, or boulder, typ1cally re,ult in 

penetration refu,al and damage 10 the equipment 

4.2 This te,t method prn\'lde, a dl\turhed ,oil ,ample lnr 

mrn-,ture conh!nt detenrnn.ition and laboratory idcnutil'allon. 

Sample quality i, generally not ,uitable for ad, .inced labnra­

ton tc,ting for engmeenng propertie,. The proce,, ot dm mg 

the ,ampler "ill cau,e d1Sturbance ot the ,oil and change the 

cng111eering propert1e,. U,e of the 1h111 wall tube ,,unpler 

(Practice I> J'i87 ) may result m le,, di,turhance m -,oh ,oil,. 

Coring technique, may re,ult in le" di,turhance than SP1 

,ampling for harder ,oil,. but it i, not alway, the ca,e. that " · 

.some cemented ,oil, may be('omc loo\ened by water .icuon 

dunng coring; ,ee Pra1.11ce D 6151, and Guide I) 6 l(J4, 

4 .3 Thi, te~t method "u,ed e,ten,;1\ely in a great vanct\ nf 

geotechmc:il explorauon project.... \1any local correlauon, anu 

widely puhh,hed corrclatton, \\ h1ch relate blow count. or 

,\'-\alue. and the eng111eenng beha\'lor of e.irthworb .md 

foundations are avai lable. For e\'aluating the liqudat:11011 

potenttal of !>and, dunng an earthquake event. the \ \a)ue 

,hould be nonnal11ed to a standard O\'erburden ,tre" le,el. 

Practice I) 6(1(,6 pro"1de, method, to obtain a record of 

no rmah,cu re,i,tance of ,and, to the penetration of a ,1.indard 

"unpler dm en hy a ,tandard energy. The penetration reSJ,tance 

i, auju,ted to dnll rod energy ratio of 60 ~ by u,ing a hammer 

,y,1em w11h e11hcr an e,umateu energy deh\·el)' or dm:·ctly 

mea,uring drill rod sire" ,, a\'e energ} u,ing Te,t Method 

046l~. 

'\on I - TI1e rchab1l11y ol cfata anJ m1i:rprc1,111on, !!~ncratcc.J h} th,, 

praClkc: i , Jcpcnc.Jc:nl on 1hc: rnmpcwn.:e of th.: p.:r,onnc:I p.:rtormmg 11 

l--VMlll04S11001. U....C-W lu 
,..,. ..,_ 0<,1"2!lOll .. 0a 121o<OT 



.4t, D1586-08 

A 

A 

(a) counterclockwise rotation 
approximately 1:\• turns 

8 

(b) clockw,se ro1a1,on 
appro•1mately 2' • turns 

Cathead 

Section A-A 

Section B-8 

FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

amf th.: ,u11:ih1l11y of th,' .:qmpmcm anJ tac1l11ic, U"<'J /\gcnc1c, that m.:ct 
the ,ritcna 111 Prnct1ct• I) n ~p generally ar,· con,1dcrcJ capahlc ot 
,<>mpctcnt te,tmg. t t,cp, ol th,, prat·uc.: arc cauuoncd thut "'mphan.:c 
"1th Pracli.e D '740 doc, nut a,,ure 1d1ablc tL·,tmg. Rehublc re,rmg 
,kpcnd, <lfl ,cvcral lm:1ors anJ Prncucc D J7 l 0 pruvide, a mcan, of 
c, uluatmg ,nme ,,t thc,c factors . Pr."uc.: D H-IU ,,a, developed for 
agcncie, engaged m 1hc 1c,ttnj!, in,pcction. or both. of ,otl, and rock. \, 
,uch. 111, m>t cotally apphcablc 10 agencie, per1nnmng lhl\ practice. U,cr, 
uf 1h1, 1c,1 method ,houltl rc,ogn11c that the fr.im.:,,orl of PraclKC 
I> P.W is appmpnatc for cvaluatin)? the qual11, of an agency performing 
1h1, 1c,1 method C'urrcml). there" no knm,1141mht~111g na11onal au1h11m~ 
that •n,p..-,h .1g.:11cic, 1ha1 perform 1h1, te, t 111.:1!11>0 

5. Apparatu, 

5 I Drilling Lq11ip111c111-Any drilling equipment that pro­
\idc, at the time of ,amphng a ,uitahle borehole before 
in,crtion of the sJmplt:r aml ensure, that the penctrnt1011 test "' 
perfonned on undbturhed ,ocl ,hall he acceptable. The follow­
in& pieces of equipment have proven 10 be suitable for 
.id,am:mg a borehole in ~ome subwiface conditions: 

5.1 I Drag. Clt11ppi11g, and FiJhlail 81/.f Jes~ than 6 1'2 in. 
( 165 mm) and greater than 21:. 111 (57 mm) 111 diameter ma) he 
u,ed in con1unction wnh open-hole rota[) dri ll111g or ca-,111g 
ad, ancement dnlhng methods. To a, oiJ d1,1urbam:e of the 
unJerlymg ,011. bottom d"charge hits are not pem1itted: onl} 
,iJe dtscharge bit~ are pennitted. 

Coe>vtiQ"" ASTM lhMlfNIL,onaf 
Pro,;-dlido.,&w'IOltktlf\M~ASN 
Ni:'I ,~ o, ~ng Z-tft-'1..cl w•Chol.l1 llcenM: horn JHS 

7 

" I 2 Roller-Co111 H11.1. le,, than 6½ m. ( 165 mm> and 
greater than 21,., 111 (57 mm) in diameter may be used 111 
conjunction with open-hole rotary Jnllmg or Lasrng­
advancement dri lling methods if the dri lhng fluid d1,charge 1, 
deflected. 

5.1 3 Hollow-S1e111 Co11tin11ot1.I' Ui,:h1 \ ugcrs. w11h or w11h­
ou1 a center hit a~sembl). may be u~ed to dnll the borehole. 
The ms1de diameter of the lmllo\\-stem auger~ ,hall he Jes, 
than 612 m. (165 111111) and not Jes, than 21:. 111 (57 mm). 

5.1 A Solid, Cm1111111nu1 F/j~,/1/, llud,t•t a11cl Hand \u~CI'.\, 

k,s than 61' 2 111. ( 165 mm) and not le.,-, than 21,:. m. (57 mm) m 
diameter may he used 1f the ,oil on the '1dc ol the horehuk 
Joe, not L'a\ e onto the ,ampler or ,ampling rnJ, dunng 
,amplmg. 

5 2 Sampling Roc/s-nu,h-jomt steel dri ll rod, ,hall he 
u,ed to connect the spin-barrel sampler 10 the Jmc-wc1ght 
a,,embly. The ,amplmg rod , hall ha, e a sttllness (moment of 
mertia) equal to or greater than that of parallel wall .. A .. rod (a 
steel rod that has an out'1de diameter of 1-5/8 in. (41.J mm) 
and an in,ide Jiameter of 1- 1/8 in. (28.5 mm). 

5.3 Spli1-Barrel '>ampler- The standard sampler dimen­
,ion, are shown 1n I . The ,ampler has an nutSJde dwmetcr 
of 2.00 Ill. (50.8 mm). The in~1de diameter of the of the 
,plit-barrel (d1menst0n D 111 I "') can be enher I 112- 111. (JIU 

~ 3t._ffldot\ \'A/5960458008 U~C.,,.,, UM 
NoUor Ralta Q.4.•11120080808 12 MOT 
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OPEN SH E 

E 

l 
r------.;....___ 
-i 
G A 

A = 1.0 10 2.0 ,n. (25 to 50 mm) 
B = 18.0 to 30 0 ,n (0 457 lo 0.762 m) 
C = 1 375 • 0005 1n. (34.93 .. 0 .13 mm) 
D = 1.50 • O 05 - 0 00 in (38. 1 • 1.3 - O O mm) 
E = 0 10 • 0 02 ,n (2.54 • O 25 mm) 
F = 2 00 + 0.05 - 0.00 1n. (50 8 • 1 3 - 0.0 mm) 
G = 16 O' 10 23 o• 

F 

B 

HAD 

BALL VENT 

(2 a1 3/s in. 
diameter J 

FIG. 2 Split-Barrel Sampler 

mm) 0r I ,-m. (14.9 mm) bee ik .2 ). A 16-gaugc lmer Lan 
be u,cd 11Ndc the 1112-m. (38.1 mm) ,pltt barrel ,ampler. The 
1.hiv1ng ,hoe <,hall be of hardened ,tee! and -.hall be replaced or 
repaired ,,hen tt becomes dented or di..,torted. The penetraung 
end of the dme ,hoe ma) be ,lightly rounded. fhe spltt-barrel 
,ampler must be equipped wt1h a ball check and vent. Metal or 
pla,tic ba,ket, may be u,ed to retmn ,oil ,ample,. 

N <1tl :! 811th thco1) ,1ntl uva1l.ihk tc,1 tlata ,ug).!c,t that V-valuc, ma) 
u,tter a, mu,·h a, IO 10 10 '}f, ~l\\.:cn a .:on, tant msitk tl1a111c1cr ,ampler 
unJ up-.•t ,,all ,ampler. II II i, nc.:c"af) 111 ~1,rrc.:t hu the up,ct "all 
,ampler rch:r Ill Pra.:11.:c [) /11.Jl,h In :-;orlh \menca. 11 1, "'"' common 
pradKc to u,c an up,c1 ,,all ""nplcr "1th an m,idc d1amc1cr nl I \ , 1n ,\t 
,,nc 11ml'. hncr. were u,cd but pra,ucc ~volvcd to u,c the up,ct wall 
-.ampler \\ithout ftncr,. l. ,c of an upset wall ,ampler allow, lnr u,..- ol 
rctamcr. if needed. reduce, rnside friction, and imprmc, rernvcry. ~Ian) 
other countnl!, ,ull u,c a con,tant ID ,pht-hum!l ,ampler. \\hich wa, the 
ongmal ,tandartl and ,1111 a.:ccptahlc within thi, ,wndard 

5 .4 Dm·e-1 Vt•ig/11 A1.1e1nb/v: 
5.-l I /lammer and ,\111'1/-The hammer ,hall weigh 1-10 ::: 

2 lbt (623 - 9 Nl and ,hall be a rigid metallic ma,s. The 
hammer ,hall ,trrkc the am I I and make ,tee I on ,tee I comai:t 
when tt 1, dropped. A hammer fall guide perm111111g an 
untmpcde<l fall shall be used. I 1g 1 shows a schcmul1c of ,uch 
hammers. Hammers used with the cathea<l and rope method 
,hall have an unimpeded over lift capacity of ut lea,1 4 1n ( I 00 
mm). For ,afrty reason,. the use of a hammer as,embly with an 
tntemal am 11 "encouraged a, -..hown in I t,E! The total ma..s 
ot the hammer a,,cmbly beanng on the dnll rods , lmuld not be 
more than 250 - 10 lbm ( 111 ::: 5 kg). 

:'\n .t. J It i, ,uggc,ted that the hamm..-r tall )!llldc be permanent!} 
mar;.cd to cnanlc the operator or in,pc.:tor Ill judge the hammer drop 
height. 

~-ASTI,1-PrtMded by HS i,noe, licar'!a w,t'tASTM 
No r-.,,odut.! -on Ot Nhll(lf"il,ng c,er,n..ued wthoul lloef,M fro,n HS 

5.-1 .2 Hamma Drop Snwm-Rope-cathead. trip. ,e1111-
JUtomuuc or automatic hammer drop ,y,tem,. as ,hown in I 
4 ma) be u,ed. pro, iding the ltfung apparatu, will not ~uu,e 
penetration of the sampler while re-engaging and lifting the 
hammer. 

5.5 Acce.uar_v £q11ipme11J-Acces,orie, ,uch a, labeb. 
,ample coma111ers. dat.1 ,heet,. and groundw mer level mea,ur­
ing de, 1..:e, ,hall be pnn ide<l tn accordam:e w11h the require­
ment-. nl' the project and other AST\t standard,. 

(1. Drilling Procedure 

6.1 The borehole ,hall be ad\'ance<l 111crcmen1all)r to perrmt 
i111erm11te111 or continuous ,ampling. Te,t intervah. und loca­
tions are normally stipulated by the pro,1ect engineer or 
geologi,1. Typtcall}, the intervab ,elected are 5 fl ( 1.5 m) or 
le.,, Ill homogeneous ,trata with test and ,ampltng location, ,ti 
evef) change of <,trara. Record the depth of dnll1ng to the 
neare,t 0. I ft (0.030 ml. 

6.2 An> <lnlhng procedure that prO\ 1de, a ,uitably clean 
and ,table borehole before m,ertion of the ,ampler and a,,ure, 
that the penetration te,1 "performed on e,M:ntrnlly undisturbed 
soil ,hall be acceptable. Each of the followmg prcx:e<lure, has 
pro,·en 10 be accept,1ble for some subsurface cond11tons. The 
subsurface conditions an1tc1pated should be con,1dered when 
selectmg the dri lling method 10 be used 

6.2.1 Open-hole rotaf) drilling method 
6.2.2 Contmuou, fl ight hollow-,tem auger method. 
6.2.3 Wash boring method. 
6.2.-l Continuou, flight snlid auger method 
6.3 Several dnllmg method, produce unacceptable bore­

hole,. The procc.,., of JCL11ng through an open tube ,ampler and 

l~l1en'IOon. VA!a960'58008 l.lsen~ t .. 
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DONUT HA~'MER SAFETY HAl<'MER 

FIG. 3 Schematic Drawing of the Donut Hammer and Safety 
Hammer 

then ,ampling when the de,ired depth 1, reached shall not be 
permuted. The con11nuous flight solid auger method ,hall not 
tic u,cd for advanc111g the borehole belO\" a water table or 
bdo,, the upper confi ning bed of J confined non-cohesi,e 
,tratum that 1, under anes1an pressure. Casmg may not be 
advanced below the samphng elevauon prior to ,amphng. 
Ad,ancing a borehole wnh bottom dt<,charge bth 1, not 
permissible. It 1, not penrn,sible to advance the borehole for 
,ub,equent 1n,ertwn of the sampler ,olely by me,111, of 
previous ,ampltng \\Ith the SPT ,ampler. 

h.4 The drilling fluid level \\llhm the borehole or hollow­
,tem ,uigcr, ,hall he maintained at or above the 111 ,itu 
groundwater level at all time, during drilling. removal of dnll 
rll\h. and .... unpltng. 

7. Sampling and Testing Procedure 

7. I After the borehole ha, been advanced to the desired 
sampling e levation and excessive cutt111gs have been removed. 
record the cleanout depth to the nearest 0 .1 ft (0.030 m), and 
prepare for the test with the following ,equer11.:e of opera11om,: 

7 I. I Auach enher ,pin-barrel ,ampler T:-,pe A or B to the 
,ampling ro<h and lowei into the borehole Do nm allo"' the 
,ampler to drop onto the ,ml to be <,amph:d. 

7. 1 2 Pos111on the hammer above and attach the anvil to the 
top of the ,amphng rods. T his ma} be done before tht! ,ampling 
rt1<.h aJ1d sampler are lowered into the borehole. 

7.1.3 Re" the dead weight of the ,ampler. rods. ann l. and 
dme weight on the bottom ol the borehole. Record the 
,ampling start depth to the neare,t 0 . 1 ft (0 030 m) Compare 

Ccv.---lQ"IIA$n'ln~ 
P'flOYl(leO oy IHS ~~" ti'\ ASW 
No ,ec,rodudlOn or ~ perrnrtled wlt,ool jQ>f\8a ll'Oftl IH S 

~ 

the sampl ing ,tan depth to the cle~mout depth m I. If 
exce,,i,e cuuings are encountered at the bottom ol the 
borehole. remove the ,ampler and .,ampling rods from the 
borehole and remove the cuttings. 

7 .1 .4 :vtark the drill rods in three successive 0.5-foot C0.15 
m) increments so that the ad,ance ol the sampler under the 
impact of the hammer can be easily observed tor em:h 0.5-foor 
(0. I 'l m) increment. 

7 2 Dnve the ,ampler with blows from the I 40-lbf {623-'\ J 
hammer and rnunt the number of blows ,1pphed m ealh 
05-fom (0 15-m) mcrement unul one: of the lollowmg occur-.: 

7 2.1 A total o l 50 blm\\ ha,e been applted d unng any ont· 
of the three O 'Hnot (0 15-m) mcrerne111, de,cnbed m 7 I -1. 

7 :!.:?. A total ol I 00 blows ha,·e been applied . 

7.2.3 There is no ob,erved ad, ance of the ,ampler dunng 
the application of 10 suc:ccssi,e blows of the hammer 

72.4 The ,ampler i'> advanced the complete 15 ft. (0.--15 1111 
without the ltm1tmg blow counts occurring a, descnbed rn 
7.. . . or 

7 2. 'l If the sampler ,inks under the weight o f the hammer. 
weight o f rod,. or both, record the length of travel to the 
neare,t 0. 1 ft (0.030 m). and dnve the ,ampler through the 
remainder of the test interval. H the s.1mpler ,inh the complete 
interval. \ top the penetration. remove the ,ampler and ,ampling 
rod, from the borehole. and advance the boreho le through the 
very ,oft or very loose matenals to the next desired ,ampling 
elevation. Record the N-value a, enht!r weight o f hammer. 
"eight of rod,, or both. 

l.~Hemaon. VA/59604SB008 . lJMr-rCartltf, UN 
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FIG. 4 Automatic Trip Hammer 

7 3 Record the number of blo\\, (.Vl required to athance the 
,Jmpler each 0.5-foot (0.15 ml of penetration or fraction 
thereof The fiN 0.5-foot (0.15 ml t, considered to be a ,eaung 
drhe. The ,um of the number of blows required for the second 
and third 0.5-foot (0. 15 m) of penetration is termed the 
··standard penetration res1,1ance:· or the ··N-\alue:· LI the 
,urn pier is dri, en less than 1.5 ft (0.45 m ), as permitted in 
~ 2 I. . or . the number of bill\\, per each complete 
0.5-fom (0 15 m, increment and per each parual increment 
,hall ht: recorded on the honng log. For p,111tal 1m:rements. the 
depth of pen,mat1on ,hall be reported to the nearest 0.1 ft 
(0.030 1111 m add1t1on to the number ol blow, JI the ,ampler 
ad,ances belo\\ the houom ol the borehole under the stattc 
,,eight nl the drill rods or the weight of the drill rod, plu'i the 
,tatic v.eight of the hammer. th1, mformat1on should be noted 
on the boring log. 

7.-t The raising and dropping of the 140-lbf (623-N) ham­
mer ,hall be accomplished using either of the following two 
meth<xb. Energ> delivered to tht! dnll rod h) c11ha method can 
he measured according to proct!dure, in Test Method [) lf , . 

7.4.1 Me1/10d A-By using a tnp. au1oma11c. or semt­
automatic hammer drop '>)"'>Lem that lifts the 140-lbf {623-N) 
hammer and allows it to drop 30 ::: 1.0 in. (0.76 m :: 0.030 m) 
with limited ummpedence. Drop heighh adjustments for auto­
matic and trip hammers should be checked datly and at liN 
indica11on ot \ariations in performance Opera11on of automatic 
hammer, ,hall be 10 ,trict .ic<.:ordance ,,uh operations manual\. 

Copyright A.Sfl.l 1rwn.tona1 
PfovlQ9d try .. S unoer lcllnN,... .M ASTM 
No raprc,cu-J,on o, W-11'11"'19 W"ftlilld •1houl k:enH from tHS 

7.4.2 .\luhml B- 8) U!>mg a cathead to pull a rope attat.:hed 
to the hammer When the cathcad and rnpc method 1s used the 
\y,tem and operation shall conform to the followmg: 

7 .-t2. I The cat head ,;hall be e~sentially free of ru,t, oil. tlr 

grease and haw a d1a1m:ter 111 the range of 6 to IO 111 ( 150 to 

250 mm). 
7 A 2.2 The cathead ,hould he opernted at a 1111111mum ,peed 

of rotation ut I 00 RP~! 
7.4.2.3 The operator should generally use either 1-3/4 or 

'.!- I /4 rope tum, on the cathead. dependmg upon whether or not 
the rope come, oil the top (1-1/4 turn, for countercluck"" l',e 
rotatton) or the bottom (2-1/-t turns tor cltx:kwi,e mtatton) ot 
the cathead during the perfonnance of the pcnetra11un test. as 
sho\\n in r !- I. It 1, generall)- kOO\\O and accepted that 2-3/-t 
or more rope turns cons1derabl) impede~ the fall of the hammer 
and ~hould not be used to perform the test. The cathead rope 
~hould be stiff, relattvel) di). clean. and should be replai:ed 
when it becomes excess1vel) fra)ed. OJI). ltmp, or burned. 

7.4.2.4 For each hammer him,. a 30 :':: 1.0 in. (0.76 m :':: 
0.030 m) ltft and drop sha.11 be employed h) the operator. The 
operatton of pulltng and throwing the rope shall be performed 
rhythmically without holding the rope at the top of the stroke. 

\In,. 4-lf the hammer drop height i, something other 1han •0 - 1.0 
in ro.71> m - () mo m). then record 1hc new drop height !·or ,u,J, other 
1han ,and,. there i, nn l..nown dala or re,carc h lhat rcl:uc, 11, ad1li-llnl! the 
;V-value obtained from diflc:rent drop hcl)!hl\ Tc,1 method I> I(, i 
prm·idc, 1nforma111111 on mul..mg cncriD mca,urcmcnl for , .1nahk Jrop 

LJcanaeestterncton V~"59MMS8008 l..J:Mr=:Cat1er Lu 
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height, ;and Pracli": I) llllii6 pnwi,.k, inl(lrma11on on adju,1mcn1 ol 
X ,alU1.- II> J ~t•11'1ant energy level (60 'if of 1hcnrcllu1l. \1601. Pra,llcc 

l ,,11<11 .11lm,, 1hc ha11111u:r drop hcigh1 11, he ad1u,1cd 10 provtdc 60 % 

CllCI[!} 

7.5 Bnng the ,ampler 10 the ,urtace and open. Record the 
percent recm er) to the nearest I '7c or Ihe leng:Lh of ~ample 
recovered w 1he nearest 0.01 fl (5 mm). Clas,ify the ,oil 
,amples recovered as to. in accordance with Prac11ce D 21. . 
then place one or more representati, e portions of the ,ample 
into ,eal;1ble moi•aure pr04."II comamer. (Jar,l without rammmg 
or dbtorting any apparent ,1ratilication. Seal each co111a111er Ill 

prevcnt e,;ipora11on of ,oil m01-.ture. Affix labels lCl the 
com,11ner, hearing Job de"gnauon. honng numher, sample 
depth. and the blow coulll p,!r 05 foot (0 15-m) increment. 
Protect the: ,ample:-. agam,t c:xtreme temperature changes. II 
there " a ,011 change wnhin the sampler. make a Jar for each 
stratum and note its location in the ,ampler ban-el. Sample, 
,hould be prc:sened and tran,ported m accordance with Prac­
tice " •P u,mg Group B. 

8. Data Sheetts)/Form(s) 

8.1 Data ob1amed 111 eaLh borehole ,hall be recorded m 
accordance Mth the Sub,urface Logging Guide I) ..., ~ as 
required h) the: exploration program. An e.,ample of a sample 
data sheet 1~ mcluded m \1 , 1\ XI. 

l:i.2 Dnlhng informatton ,hall be recorded tn the field and 
,hall mclude t.he fo llowmg: 

8.'.?. I \Jame and loca11on of job. 
8.2 2 1\James of crev., 
8.2 ~ T~ ~ and mat..e of drilling machine. 
l-1 . '.?.4 ~cat her contl111on,. 
l:i.2.5 Date and lime of ,tart and tin"h of borehole. 
8. '.?.6 Boring number and locallon (,tat ion and coordinate!>, 

1f avallahlc and applicable). 
8.2.7 Surface elevation. 1f a, ailable. 
8.2. ~ Method of ad\ancmg and cleaning the borehole. 
!i.2.9 \lethod of t..eeping borehole open. 
8.2 10 Depth of water ,urface to the neare,t 0.1 ft (0.030 m) 

and dnlhng tlepth 10 the nearest 0.1 ft (0.010 m) at the ttme of 
a noted los, of dnlhng llu1d. and time and date when reading 
or notatton was matle. 

8.2.11 Location of ,1rata change,. to the nearest 0.5 ft ( 15 
cmJ. 

8.2.1 '.? S11c of casing. depth of ca ... ed portion of bort::hole to 
the neare,1 0 I ft (0.030 111 ). 

Cop~"5TM l~I 
Piv.ided by IHS ~l'MW ...... • t~ ASTM 
No ,eproo..clOl'I or~ pe,,ni"td w,thOl,;t license from IHS 

"1 

8.2.13 Equipment and Method A or B of dri ving ,ampler. 
8.2.14 Sampler length and in,ide diameter of harrel. and ii 

a ,ample basket retainer 1s used. 
8 2 IS S11e. typt:. and section length of the ,amphng nxt.... 

and 
8 2.16 Remark,. 
8.3 Data obtained for each -.ample ,hall he recorded in the 

tidtl and shall mclude the following: 
8.3.1 Top of ,ample depth tn the nearc:,t 0.1 ft (0.030 ml 

and. if ut1h1ed. the ,ample number. 
S.3.2 Dc,cripuon 1lf soil. 
8.3 1 Str.H,l chan)!es v. ithin ,ample. 
8 34 Sampler penetration and recmery lengths to the near­

est 0.1 ft (0.010 m). anti 
!U.5 1\umher of blows f)l!f OS foot C0.015 m) or partial 

increment. 

9. Precision and Bias 

9 I Prccmm,-Test data on prec1,1on t!. 1101 prc:,ented due 
to the nature of th!' test method It 1s e11her nnt feasible or wo 
Clhtly at thl' time to ha\'e ten or more agencies participate Ill 

an in ,itu 1e,1111g program at a gi\en ,ite. 
9.1.1 The Subcommittee 18.02 i, seeking additional dat,1 

from the u,cr, of thl' test method that might be w,ed to mat..e 
a limited statement on precision. Present t..nowledge indicate, 
the tollowmg: 

9.1.1 .1 Vanauons tn \-\'alue, of I 00 q or more ha, e been 
observed when using different ,tandard penetration test appa­
ratu-. and dri ller, for ad1acent boreholes m the ,ame -.oil 
formauon Cun-ent op1mon. ba\ed on field experience. indi­
cate, that when u,,ng the -.ame apparatu, and driller. ,\ '-rnlue, 
in the same ,oil c.m he reprodul·ed ,, ith a coctfinent nf 
, ·ariation nt about IO ,,, . 

9.1.1.2 The u,e ot fault) equipment. ,uch a\ an extreme)~ 
massi,e or damaged anvil. a ru--,t} cathe,1d. a low speed 
cathead. nn old, oil> rope. or ma,s1ve or poorly lubricated rope 
sheaves can s1gnihcantl) contribute to differences 111 N-\alues 
obtatnetl between operator-drill rig sy,tems. 

9.'.? /Jws-There 1s no .iccepte-0 reference value for this te,t 
method. therefore. bias cannot be determined. 

JO. KeJ"ords 

I 0.1 blow count: 111-\ltu test; penetrnllon resistance: ,oil: 
split-barrel ,amphng. ,tandard penetrntion test 

~- V/V59CI04S8008. ~, Liu 
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DRILLERS BORING LOG 
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FIG. 5 Example Data Sheet 
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Slll\JI\IARY OF CHANGES 

Committee D 18 ha-, identified the locauon of selt.-cted change, tll till', ,t:rndard ,mce the la,t 1,,ue 
(0 1586 99) that ma~ impact the u,e ol tlw; ,tamlard (Approved l'ebruar) I. '.!008.) 

t I l There ha,e been numerou, change, to th!\ standard lll hst 
them separ.,t..:f). From the 1110,t recent main ballot proce". 
additional changes were requested and im:orporated 11110 thi, 
newe,t rev1'!0n. Stated below 1, a highlight of ,ome of the 
change, 

1-IJ Terminology added ,ecuon on Defin111on,. 
(5) S1gmficance and lJ.,e· clarified u,c ol the SPT te,t 
(6) Apparatus. general ediwrial change,. 
( 7) Sampling and Testing Procedure· general t:dnonal 
changes. 

(2J \cnpe \\,Is completely re\'lsed. 18) Data Sheeh/Fonm,. general editorial changt:s 
(;, Rderenced Document, updated Hl include new ,wndard,. (9) Prec1'1on ,rnd Bias. added Sections 9 I and I I I ' 

c-,,...ASTMI-

ASTM International ta,es no pos,t,on respecllng the validity of any parent nghls asserted 1n connect,on w,th any ,,tem menI1oned 
m lhIs standard Users of this standard are e1<pressly advised that determ1nar10n of the validity of any such patent nghrs and the nsk 
of ,nfnngement of such ngnts. are entirety their own respons,b,t,ty 

This standard ,s subject to revis,on at any ume by the respons,/Jle techn,ca/ commmee and must be reviewed every twe years and 
rf not revised, e,ther reapproved or ,vithdrawn Your comments are ,nv,ted either tor revision of this standard or for add111onal standards 
and should be addressed to ASTM Jntemat,onal Headquarters. Your comments w,/1 receive careful consideration at a meetmg of the 
responsible technical committee. which you may attend. If you feel that your comments have nor rece,ved a fa,r hear,ng you should 
make your v,ews known ro the ASTM Committee on Srandards. at the address shown below 

This standard 1s copyngnted by ASTM tnremar,onal, 100 Barr Harbor Dnve. PO Box C700. West Conshol>Oclcen PA 19428-2959. 
Un,ted States /nd,v,duar ,epnnrs /single or mu/1,ple copies/ ol m,s standard may be 01:Jra,ned l:Jy contacting ASTM at rne above 
address or ar 6 t0-832-9585 /pllone). 610-832-9555 /lax/, or service@asrm.org /e-mail): or tnrough me ASTM website 
1www asIm org/ 
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¥ 
/NTERNAnONAL 

Standard Practice for 
Thin-Walled Tube Sampling of Soils for Geotechnical 
Purposes1 

Tiu, ,tamtmJ L, 1,,ucJ um.lt.:r lhc: h,al 1.k,1~11,111011 I) 1 '.\S7; the numt'Cr 11nmed1a1dr h,llo" 111~ the J~,1gnaup11 mJ1~Jt~:-- tile' year of 
nn~tn~ll .1Jnpt1ll0 or. in the ca-.c of JC\ J'.'-ltlll. (he )C.tr nl la..c;.1 rc\·1s.1<m \ 11umhc.:1 111 pJrt·nthc~c., 1ndtL,llCS 1he )".:-,u ol h1,t rcJpp10\r.tl A 

,urx-r-,;i:npl cp,1lnn \f, 1nJ1.:ul~ .u1 nhlon..11 , h;mfC' ,u11:e 1he l,hr re\·1!'1.1CH1 or fl.""jf1prov;il 

t 1 ;-J,111 l-.u11un.1J dwngc, \\en: made 111 Jun..- 2!Xl7. 

J. ~cope• 
I I This practll:e cmers a procedure for u,mg a 1hin-walled 

metal tube! to recO\er rela11,elv undi.,,turbed ,01I sample, 
,utlable for laboratory te,h o l engrnt!ermg propenie,, ,uch as 
,trength. compres,1b1ltt). pem1eabili1y. and dt:nsll). Thin­
wul lcd !Ube, used Ill rw,ton. plug. or rotary-t) pe sampler-.. 
,hould comply ,, ith Section < , of 1h1s practice which de-
,cnbes the thrn-walled tubes. 

-,.,., nm prac1icc d1,e~ m,c appl) w hner, U\cd w11hin the 
,~mpkr,. 

1.2 ll1b Prac tH:e 1, hmucd to ,oih that can he penetrated b) 
the thm-wallcd ruhc Th1, sampling methnd 1, nnt rccom­
rncn<lcd for ,,1111phng ,ml, cnm.iining gr;n·el rn larger ,11'.e ,oil 
parude, cemented or ,ery hard ,01I, Other ,rnl ,amplcr, lllJ) 

he u,ed for ,ampling the,t! .,oil t) pcs Such ,ampler, include 
dmt!n spill barrel ,ampler:-. and ,oil cnnng de, 11:e, ll ,86. 
I> 35.:il . ,ind > h I ) For information o n appropriale u,e of 
other ,01 I samplers refer to > c 

1.3 This practice i, often u ... ed in conJunct10n with nuid 
rotary dnlltng (I> J ~ ) or holto\\-~ten1 auger~ 
(IH,I 'i ). Sub,urface geotechnical exploration, , hould be 
reported m a1:cordanct! \\ uh pral't1Ce ( D 43 ). This practice 
di,cu"e' ,ome a,pccts ol ,ample prt!,en ,Ilion after the ,am­
piing event. !·or mlom1auon on prt!,enauon and 1ran, por1at1on 
pmce" of ,nil ,ample,. ctm-,uh Practice I> ·1 • Th 1, practice! 
dt'lt!s not addrt:s'> en\lronmental ,ampling: con,ult I> 1 and 
n 62.3.lfor mforma110n on ,ampling for em 1ronmen1al rnve~ti­
gation,. 

1.4 The Yalue, ,1ated m mch-pound umts are to be regarded 
a, the standard. The SI value\ gi, en Ill parenthese, are 
prov1dt!d for 1nforma11on purpthes onl). The! tubmg tolerance, 
pre,ented m I I are from ,ource, ,I\ a1Iable Ill '\ionh 

Th" pra(ltl( 1, u nJtt the .iun,J1dh•n of ,\S"l\1 Cn1111nitll'(" DIN on Soil .mJ 
R,N.:l and ,~ thl" Jm:4..'.I ri:,pt,n,1h1l1ty of Sulx:rnmmui:e Dl~.O:! un S.smpling anJ 
Rd,neJ Ftel<I Te,11n~ l<ir 'ioil F.uluallon, 

Cum,n1 cJ111un apprtncJ \IJ> I. ~007 Pubh,hcJ Jul) 1007. On~mall~ JppnweJ 
in 1'151' I.a,, prc,iou, cthuon apprm·e<l in 10(1'.l a, D 15!17 - u.,. 

America. U,e of metric t:qui, alent " acct!ptablt! as long a, 
thickne,s and pmporuo n, are similar to those required 111 this 
,tandard 

I " 71,is mmdard doe.1 1101 p11rport 10 addre.u all o( the 
.w1{el\ cD11cer11s, ,f any. a.,wciated \\'ith 11., 1ne. Ir i.1 tltt' 

rcspmr.,ihi/in of the 11.1a of rhi., standard ((} e1lllhfi.1h tlf)flrrl· 

[1riatc .m/'i.·ty and health pranin•., and determine thl' app/1c a• 
biliry of reRulawn l,11111a11011.1 prior to 111e 

1.6 This practice offers a ,et of ins1ruc11ons for performing 
one or more specific operations. Thi~ document cannot replace 
t!ducation or experience and should he used Ill conJuncllon \\ tlh 
pmfcs\mnal Judg ment. l\ot all a,peds of this pracllct: ma)- be 
applicahle 111 .ti! circurnst,t.nl'es. Thi, ASTM ,tand,u·d 1, 1101 
1ntenacd to rt!prescn1 or rt!plact! the s1and,1rd uf care hy ~ h1ch 
the ;1dcqut11:) of a g1\Cll profr,,ional ,er\lce mu,t be Judged. 
nor ,hould th1, dllcumcnt be applied \\ ithnut con,idera11nn 111' 

a project , m,111:y u111que aspect,. The word "Swndarcl" in the 
title of th1, document mean, only that tht! document ha, hecn 
approved through 1he ASTM con,ensu, proces-.. 

2. Referenced Documents 

2 I ASTM Sw11danl.1: -
, , Tenninolog) Relating to S01I, Rock. and Contami:d 

Fluid, 
Prnc11ce tor S01I ln\'e,tigauon and Sampling b) 

Auger Boring, 
1 Te-,1 Mt!thod lor Penetra11on Te,1 and Spill-Barrel 

Sampling of Soib 
1 _ Prac11ce for De,cnption and ldenulit:m1on of Soll, 
(Vi,ual-M:mual Procedure) 

"l'il Practice for Thick Wall . Ring-Lined, Spill Barrel. 
Dri,e Sampling o l Sm!-, 

• Praclll'I! for l\.111111num Requirement, for Agenne~ 
Engaged in the Tes11ng and/or ln,pecuon o f Soil and Ro, .. k 

J. r If rc:h.:rcm.:cJ /\.ST~I MiUIJJrJ.,. \l!->ll lhi.: \ST\.I \\\!h~IIC. \,\\\\LJ.:-,,lmuri;. 111 

cnnl~u.:1 \ST\1 Cu,tnmcr Scr\lCC t.U ~n,·1cel a.,tm.~,f}! r,,r "'"'"'"/ HtH1k of" <;f,\f 
:,,ur,J,mh ,ulume 111lom1Jllon. n:lcr 10 rhe ,1Jnd.ud', l><-.:umcnr Surnm,11) P••~•· on 
the AST\I \\eh,11c 

'I\ ',ummal') of ('hang<,<; section appears nt the end of Chi, ~landord. 

Cot'yog~I CASTM lnlemal•OMI 100 Barr Ha'1l0f , ... ,. PO El<•• C700. Wesl Cons.hof>o,:,,on p ... 1!;428-2959. Un.tea Slales 

~ A5™ lf'MrTlato-wl 
PtoviOed t,y IHS ""°"' ~ w"'1 ASJM 
No~ ot Mtwo·• no pa,manld -·~ licenH from IHS 

~~ VM960C~8 l.Jsarlt.cari.r UM 
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TABLE 1 Dimensional Tolerances for Thin-Walled Tubes 

Nominal Tube D1ameIers from ,. Tolerances 

Size OutSlde 2 508 3 762 5 127 
D1ameIer '" mm ,n. mm in mm 

OulSide diameter. D0 +0.007 +0.179 +0010 +0.254 +0.015 0.381 

-0000 ·0000 -0.000 -0.000 -0000 -0000 
Inside a,ameter. D, +0000 +0.000 +0.000 +0000 +0000 +0.000 

-0.007 -0.179 -0010 -0.254 -0015 -0381 
Wall thickness •0007 •0.179 • 0010 •o 254 •0.015 ' 0.381 
Ovahty 0015 0381 0020 0508 0.030 0762 
Straightness 0.0301ft 250/m 00301ft 250,m 0.030•ft 2.50rm 

,. lnIermed1aIe or larger diameters should be proport,onaJ Specify only lWO ol 
lhe f1rsl lhree lolerances: lhal ,s. D0 and D,. or 0 0 and Wall lh,ckness. or D, and Wall 
truc,ness 

a, Used 111 Engineenng Destgn and Construcuon 
_ ~ t Practice!. for Presen 111g and Transporting Soi I 

Sample, 
I) " t Guide for rield Loggrng of Sub,urlace Explora­

tion, of 4:>oil and Rock 
> Guide tor U,e ol Direl.! Rotar} Dnlhng with 
\vater-Ba,ed Drilling Fluid tor Geocn\ ,ronmental Explo­
ration and the ln-,ta ll.11ion of Sub,urface Water-Quality 
:>,Ju1111onng De\ ice, 

I) 61 · Pracuce for Usmg Hollow-Stem Auger, for Geo­
technical Exploratmn and Soil Sampling 

I> t ' Guide for Selecuon of Soil and Rock Sampling 
Dern:e, u~ed With Dnll R1g~ for Em1ronmemal lme~u­
gauon, 

11 Guide for Selection of Sampling Equipment tor 
\\a,te and Contamrnated \led1.1 Data Collccuon Acll\tties 

3. Terminolog_\ 

3.1 Dt>/i1111w11s: 

.~. I. I For rnnmmn definition, of term, 111 thi~ ,tandard. relt:r 
10 ·1~nn111olog} I < 51. 

3.2 Dt>Ji11111011.1 of Tams Spcci(ic· 10 T/11.1 Srwulard: 
3.2.1 imult> clcarcmn· rarro. t;,. 11 the rauo ol the differ­

ence in the in\ldc diameter of the tube. D,. m1nu, the 1m,1de 
diameter of the cu11111g e<lge. D,. to the in,ide diameter of the 
tube. D, expressed as a per1..entage (see rig ). 

3 2.2 m·alitl'. 11 the cro" ,ectiun of the tube that dt'\iate, 
from a perfect circle 

-t Summar) of Practice 

4 I A relauvcly und1,turbed ,ample i, ohtained h:y prc,,mg 
a thin-\\ ailed metal tube mto the in-\llU sotl at the bottom ol a 
boring, removing the so1l-lilled tube. and applymg ,cab 10 the 
soil surface, 10 prcYent soil movement and mmsture gain or 
loss. 

5. Significance and Use 
5 I This piac11cc. or Practice D ~','i() v. 11h thin wall ,hoc. 1, 

u,ed \\ hen It " neces,al) Ill 11hta111 a relati\el) um.lt,turbed 
,pec1men ,unable lor laboratory te,h nt engrneenng propc111e, 
or other test<, that nught be intiuen1..ed b) soil dt<.turbance. 

Nm ~ ~- 1 he qu;iht) ol the rc,ult producccl b) 1lm ,1anJJrd ,, 
JcpcnJcnt on 1hc co111pc1c:m;c 111 the pcrsi>nncl pcrlorming 11. ,,nJ th,· 
,unahilil} of the cqu1pmcn1 anJ lac,htic, used Agcnc1c, 1ha1 meet th,· 
rntcna ol Pra(llcc [) l7.l0 arc general!} .:on,iclcrccl .:ap;ihk of rnmpc1cnt 
and nbJl.!'11\'l' sampling. U,cr, nt thi, prurncc. are cauuonccl 1ha1 compli­
ance \\ ith Practice D 1 "-m Joc, not 111 u,elf ;issurc rdiahk rc,ull, 
Rchal>lc rc,ult, clcpcnd on many factor,; Pruu1cc I) l ~(I prm,Jc, .i 

me.in,..,,, C\'alua11ng ,11111.: of 1hose lador, 

6. Apparatu_., 

6.1 Dril/111g l:.q111pme111-When ,amplmg 111 a boring. an) 
drillmg equipment ma} be u,ed that pro\ 1d6 a rea.,01Mbl) 

[~~Jj-=o!:::::::::,i = L=eng1-h~=•4_'" """"_1_1"____,_3-t-e-
~ L 13 d10 (m1nl 

Ins1de Cleoronce Ro110 : De 
MounIIno Holes 

, M11111nu111 of l\\1> 111uun11ni; holl's nn nppthltC ,ide, tor D .. ,mailer than -I 111, ( 101.6 mm). 
,,, :?.-:l-11mmum of fllur n111un11ng hnk, cquall) ,paced tor D,. -Im. ( IOI h 1111111 and large, ,o J~Tuhe held wllh h;irclcned ,crew, or other ,uitahlc mean,. 
V -1-2-m (50.8 mm) oui-,dc-diamctcr tube, arc specified wuh an 18-gagc \\all 1h1dmc,, Ill comply with area ratio critena accep1cd for 

--unJl\tU~d ,ample,." t:,cr, arc aJvi,cd tha1 such 1ub111g "J1fficuh lo locate .md can be c~trcmcly cxpcn"\'C in ,mJII quant1Lll!\ S1x1ccn•!!agc lube, 

arc gcncrall~ readily a,ailabk 

Cooy""" ASTM --Pn:NGN t,y 1HS ~~""tr, ASTM 
N,) •-s,,oduCIIOn Of' ~.ng ~I.a * 1nou1 ~ .. ftom IHS 

in 

'h ,,., 
I 
2 
3 
4 
5 

Metric Equivalent Conversio n s 

FIG. 1 Thin-Walled Tube for Sampling 

., 

mm 
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12.7 
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101.6 
127 
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TABLE 2 Suitable Thin-Walled Steel Sample Tubes" 

Outside diameter (D, J: 
,n. 
mm 

Wall thickness 
Bwg 
Jfl 

mm 
Tube leng1h 

2 
50.8 

18 
0.049 
1.24 

3 5 
76.2 127 

16 11 
0.065 0.120 
1.65 3.05 

m ~ ~ ~ 

m 0.91 0.91 1.45 
lns,oe clearance rat,o, % <1 <1 <1 

" The three diameters recommended ,n Tab,e 2 are Ind1cated for purposes of 
stanclaro1zahon. and are not ,ntended to 1nclicate tha1 samplJng tubes of InIerme­
d1a1e or larger diameters are not acceptable Leng1hs ol tubes shown are 
~Iustretr.1e. Proper lengths to be determ,ned as su,ted 10 field cond1t1ons 

clean hole: that m1111m1zes c.Ji,turbance of the ,01 I LO be 
,ampled: and that does not hmder the penetration of the 
thin-\\alled ,ampler. Open borehole diameter and the inside 
diameter of driven ca,mg or hollow ,tern auger ,hall not 
c,ceed 1 . .5 umc, the out\ide diameter of the thin-walled tube. 

6.2 S11111ph r /11.1er1w11 E:.q111pme111. shall be adequate to 
prone.le a rt!la11vel) rapid 1:ontinuou, penetrauon force. for 
hard fom1a11on, ll ma) he nece,,ar). although not rCl.tlm­
mended. to dnve the thm-walled ruhe ,ampler. 

6.3 Thm-\\hlfed T11be1. ,houltl be manufactured to the 
dimen,mn, a, ,hm\ n in Ftg I. The~ ,hould have an out,1de 
diameter of 2 to 5 1n. (50 lo 130 mm) and he made of metal 
ha, ing adequate ,trength for the type of ,ml to be ,ampled. 
fube, \hall be clean and free of all surface 1rregulanue., 
mcluding proJecung weld ,earn,. Other dtameters may be used 
hut the tube dimen,ions ,hould be proponional to the tube 
c.Je,ign, pre,ented here 

6 .. 1 I LA.·11gth of Tube:,-See I <1ble :? and I. 
6.J:? lolaana:,. ,hall he withtn the limu, ,hown 111 111c 

I. 
6.3.3 /11.\/Cle Cll'amnce Rmw. ,hould he not greater than 

I I?', unle~~ ,pecilied 01herw1,e for the t}pe of ,oil to be 
,ampled Generally. the 111,ide clearance rauo u ... ed ..,hould 
1111:rea,e wnh the 1ncrea,e in pla,ucity ol the ,011 bemg 
,amplcd. except for ,en!>.llive ,oil., or \\ here local experience 
ind11.:ate, nthc™-1,e. Sec '.! I and hg I for dehnit1on of m,,dc 
clear..1ncc rauo. 

6.J -t Corm.11011 Pro11•c1io11-Corro'>lon. \\ hether from gal­
vanic or chemKal re.u.:uon. can dan1Jge ~ir c.Je,1rny both the 
thin-walled tube and the sample. Se, erity of damage ..., a 
function of ttme a, well a, mteiactton between the ,umple mid 
the tube. Thm-walled tube., i,hould have ,ome fom1 of protec­
ti, e coating, un less the ,oil I'> to be e,1ruded les, than 3 <la~,. 
The type of coaling to be u~ed ma} var) depending upon the 
material to he ,ampled Plating of the tube, or alternate ba,e 
met.ii, ma}' be ~pcc1fied. Galvanized tubes are often used ,,hen 
long tenn \torage i, required Coatmg, ma) include a light coat 
of lubncating oil. lacquer. epmy. Teflon. zmc oxide, and 
other,. 

N, ,r~ '\ ~fo,t coat111{! matcnuh are not rcsi,t:mt to ~,mtch111g by ,,111' 
th~t c,,ntain ,anJ,. Con,iJcratinn should~ g1,cn Im prompt 1e,11ng of the 
,:unpk b<:<-".10,e ,hem,cal reaction, between the mc1al anJ the ,o,I ,amph: 
c,>n n1:cur \\Jlh lune 

6.4 5amplff /lead, ,ern:, to couple the thm-walled lllbe lO 

the m,en11m equipment and. together\\ ith the thin-walled tube. 

~AS™,-..,.: 
PfOY'dea by 1HS ""°91' k:9flN w•.1."I ASTM 
Ni> reproductiOn Of~ ng oenn.ttN wJhat.11 llconN fl'Offl IHS 

: 

compmes the thin•\\ ailed tube \ampler The ,ampler he.id ,hall 
comain a ,enting area and ,uitable check v,tl,·e wtth the 
,entmg area lO the ou1,ide equal to or grc.iter than the area 
through the check \alve. In -.ome ,pccial c,N!,. a chcd vahe 
may not be required but \entmg " required to a,oid .,ample 
comprcs,1011. Allachment of the head to the tube ,hall he 
concentric and coaxial to assure uniform appltcauon or force to 
the tube b} the sampler 1m,enion eqmpmern. 

7. Procedure 

7.1 Remove loose material from the cemer of a ca,mg or 
hnllcm ,tem auger a, careful!)' a, po"tble to avmd dt,turh.111ce 
of the matcnal to he ,amplcd, Ir ground\\-ater 1s encountered. 
maimain the ltqutd le,el m the borehole at or abo,e ground 
v.mer te,el dunng the dnllmg and sampling operation. 

7.2 Bottom di<.charge bit, arc not pemmted Side dhcharge 
bits may be used. wuh cautton. Jeumg through an open-tube 
sampler to clean om the borehole to sampling clevm1on 1, not 
iJ<!m11tted 

:,.,, 11 +- Rulkr h11, an: a,ailnhk ,n J,mnward,1eumg and J1tlu,cd•,1.:1 
conhgur.iti11n,. 01111 n\\;mJ Jelling .:onfi!!uratmn ro,k b11, .ire nut a,..:cpt• 
,1bl.: D1tt11-.c-Ict umtiguration, ,ire generally al·n:ptable 

7.3 Lower the sampling apparmu, ,n that the ,ample tube·, 
bottom resh on the bottom of the hole and record depth to the 
bouom or the sample tube to the nearest 0 I-fl (.(J3 ml 

7 3.1 Keep the sampling ,1pparatu, plumb during lowering, 
thereb) preveming the cuttmg edge of the tube from <;Craping 
the ,,all of the borehole 

7.4 Ad\.tnce the sampler without rotauon by a rnntinunu, 
relative I) rapid do,, 11\htrd motton and record length ol .id­
, ancement 10 the nearest I m ( 25 mm). 

7.4 I Determine the length of ad,ance b) the resistance and 
cond1tto11 of the ,oil formation. but the length sh,111 ne\er 
e.\ceed 5 to IO diameter, of the tuhe m ,ands and IO to 15 
diameter-. of the lube m clays. In no cru,e shall a len!!th nr 
advance he greater than the sample-tube length mmus an 
allo\\.,tnce for the sampler he~td and a mm1mum ol , 111. (75 
mml for ,tudgc and end cunings. 

1'on 5-Thc mass of ,ample. lahoratllf) handling capah1h11c,. Iran, 
JXlrt:lllon pmblcm,, unJ cmnmcrcial :i1·ailab1lrty ol tube, "111 !!cnerall) 
1111111 ma~nnum pr,tcllcnl lcngth, 111 thn,c ,h""" ,n r 

7 . .5 When the ~oil fom1atl(ln ts too hard for pu,h-t}pc 
in,enion, the tuhe ma) be dnven or Practice 11 1 may he 
u-.ed. If dm 111g method, are used. the data regarding "eight 
and fall of the hammer and penetrauon achieved mu,t be 
,hm, n in rhe report. Addiuonally. that tube must be prom1-
nentl) labeled a --c1n\'en ,ample." 

7.6 Withdraw the sampler from the soil formation a, care­
fully a~ po,s1ble in order to minimize d1s1Urhance of the 
sample. The tube can be slo" I) rotated to shear the material at 
the end of the tube, and to reheve water and/or sucuun 
pressures anc.J improve recover) \Vhere the s01l fom1a11on 1' 

soft. a delay before withdraw of the sampler (typically 5 to 30 
minutes) may improve sample reC0\'ery. 

8. Sample !\leasurement, Sealing and Laheling 

8 I Upon remo,·al of the tube. remo,e the dnll cutttng, in 
the upper end of the tube and me.i,ure the length ol the ,ml 

~- VM960<S8008 U..-C.- LIN 
Nolru,- 04'11'2008080930...0T 
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,ample recmered to the neare,t 0.25 111. (5 mm) 111 the tube 
Seal the upper end ol the tube. Remove at lea,1 I m. (25 mm) 
of material from the lower end of the tuhe. Use th 1, material lor 
,oil dc,cnp11<1n 111 accordance w11h Practice I> 24 l\-1easure 
the OH:rall sample length. Seal the lo\,er end DI the tube 
Altemati,ely after measuremem. the tuhe ma} be scaled 
\\llhout remO\al of ,oil from the end.., of the tube. 

8.1.1 Tube, ,ealed over the end,. a, oppo,ed to tho,e ,ealed 
with e,pandmg packcr<,. should be provided with ,pacer<, or 
appropriate packing matenab. or both prior to ,e.1hng the tube 
end, 10 pro, 1de proper confinement. Pack mg matcnal, mu,t be 
1mnatN1rbent and mu,t maintain their prnpcr1ie, I(> provide the 
,ame degree of ,ample ,uppon \\ ith tune 

X I 2 Depending on the requirement, ol the in\e,11ga11011. 
field e,tru\lon and packaging of extruded ,otl ,amplc, rnn be 
performed Thi, allow, for phy,1cal cxaminauon and cla"1ti­
ca1ion of the ,ample. Sample, arc ex1rudcd in ,pecial hydraulic 
Jack, equipped with properly si1.ed platen, 10 e.\trude the core 
in a continuou, ,moo1h speed. In ,ome ca,e,. funher extru,ion 
may cau,e ,ample disturbance reducing su11abili1y for 1e<,1ing 
of engineermg propenies. In other c,he,, 1f damage 1s 1101 
,ignilican1. core, can he e:muded and pre,erved for testing 
( ~2(ll. Bent or damaged tube, ,hould be cul oft befor\' 
e>.tru<lmg. 

IL! Prepare and immcd1atel) allh labeb or apply mark111g\ 
a, ncce,,ar) to 1den11fy the sample (see Sect10n I As,ure that 
the markmg, or labeh are adequate Ill ,un 1ve tran,pona11on 
.ind ,1orage. 

"-• 6 T1•p end nt 1hc tuhc ,hnuld he lal:,ckd .. t(1p .. 

IJ. Field Loi 
lJ. I Record the 111forma1ion that ma) be required for prep.ir-

ing field log, 111 gent'ral accordance to A'ff\1 I ·i-J ··Guide 

for Field Logging of Suhsurlace Exploratmn, of Soil and 
Rod."". Thi, guide 1s used for logging explon111on, b) dnlhng 
and ,ampling. Some examples of the informauon required 
include; 

9 I I :\ame and location of the project. 
9 . 1 '.! Bonng number. 
9.1.3 Log of the \Oil conditions. 
9. 1.4 'iurface elevation or reference 10 a <lmum 10 1he 

nearest fool (0.5 ml or heuer. 
9. I 5 Locauon of the boring. 
9 1.6 \lcthod of making 1he borehole. 
9 I 7 '\,1me of the <lnlling foreman und company. and 
lJ. I 8 -..:ame of the drilling iri...pe.:wrC,). 
9. 1.9 Dale and lime of bnring-,tan and ti1mh. 
9. 1 IO Dep1h 10 groundwater level. date and 111ne mea,ured. 
9.2 Recording the appropriate sampling infonmuion 1, re-

quired as follows: 

9.'.!.I Depth to top of ~ample 10 1he nearest 0 .1 ft. (.03 m) 
and number of ,ample, 

9.'.!.2 De~cnptJon of 1h111-walled tuhe sampler: si1.e. type of 
me1al. type of coaung. 

9.2.3 :'-le1hod of sampler insertion: pu,h or dnve. 

9.2.4 Me1hod of dnlling, size of hole. c,...,ing. and drilling 
tlu1d u,ed, 

9 '.!.5 Soil de,crip11011 in accordance ~ith Pracuce > 2-lXX. 
9 .2.6 Length of sampler advance (push). and 
9 2.7 Re'-·ovel) length of ,ample obta111ed 

JO. Kep\ord1, 

10. I geologic 1nves1iga11on,: <;amphng: ,oil explorauon: 
,oil 111ve,11gation,: ,ub,u1tace in\e~ugauon,: undl\1urhed 

SUl\11\lARY OF CH\ GES 

In acconJance with comm111ec D 18 pohc). 1hi, ,ection idemifie, the location of change, to th" ,1andard \mce 
the la,t edi11on. 200. which may impac1 the u,e of thl', ,1andard. 

( I l Added pam of ,pcech LO 1errn,. (2) Correc1ed reference in Nme 2 from D 5740 10 I l ~ 7 tn. 

1:gntASTl.(ln&fll'I\At,one1 

ASTM International takes no pos,t,on respecting the validity of any patent nghts asserted m ccnnec11on with any item mentioned 
,n this standard Users of this standard are eq,ressly advised rhat cteterminat,on of the vat1d1ty of any such patent nghts. and the nsk 
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STANDARD OPERATING PROCEDURE

Logging of Soil Borings

I. Purpose and Scope
This SOP provides guidance to obtain accurate and consistent descriptions of soil
characteristics during soil-sampling operations.  The characterization is based on
visual examination and manual tests, not on laboratory determinations.

II. Equipment and Materials
Indelible pens
Tape measure or ruler
Field logbook
Spatula
HCL, 10 percent solution
Squirt bottle with water
Rock- or soil-color chart (e.g., Munsell)
Grain-size chart
Hand lens
Unified Soil Classification System (USCS) index charts and tables to help with
soil classification (attached)

III. Procedures and Guidelines
This section covers several aspects of soil characterization: instructions for
completing the soil boring log form (attached), field classification of soil, and
standard penetration test procedures.

A. Instructions for Completing Soil Boring Logs

Soil boring logs will be completed in the field log books or on separate soil boring
log sheets.  Information collected will be consistent with that required for ASTM
D1586 (attached), a standard soil boring log form (attached), or an equivalent form
that supplies the same information.

The information collected in the field to perform the soil characterization is
described below.

Field personnel should review completed logs for accuracy, clarity, and
thoroughness of detail.  Samples also should be checked to see that information is
correctly recorded on both sample jar labels and on the log sheets.
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B. Heading Information

Boring/Well Number. Enter the boring/well number.  A numbering system should
be chosen that does not conflict with information recorded for previous exploratory
work done at the site.  Number the sheets consecutively for each boring.

Location. If station, coordinates, mileposts, or similar project layout information is
available, indicate the position of the boring to that system using modifiers such as
“approximate” or “estimated” as appropriate.

Elevation. Elevation will be determined at the conclusion of field activities through
a survey.

Drilling Contractor. Enter the name of the drilling company and the city and state
where the company is based.

Drilling Method and Equipment. Identify the bit size and type, drilling fluid (if
used), and method of drilling (e.g., rotary, hollow-stem auger, sonic).  Information
on the drilling equipment (e.g., CME 55, Mobile B61) also is noted.

Water Level and Date. Enter the depth below ground surface to the apparent water
level in the borehole.  The information should be recorded as a comment.  If free
water is not encountered during drilling or cannot be detected because of the
drilling method, this information should be noted.  Record date and time of day (for
tides, river stage) of each water level measurement.

Date of Start and Finish. Enter the dates the boring was begun and completed.
Time of day should be added if several borings are performed on the same day.

Logger. Enter the first and last name.

C. Technical Data

Depth Below Surface.  Use a depth scale that is appropriate for the sample spacing
and for the complexity of subsurface conditions.

Sample Interval. Note the depth at the top and bottom of the sample interval.

Sample Type and Number. Enter the sample type and number.  SS-1 = split spoon,
first sample.  Number samples consecutively regardless of type.  Enter a sample
number even if no material was recovered in the sampler.

Sample Recovery. Enter the length to the nearest 0.1-foot of soil sample recovered
from the sampler.  Often, there will be some wash or caved material above the
sample; do not include the wash material in the measurement. Record soil recovery
in feet.

Standard Penetration Test Results. In this column, enter the number of blows
required for each 6 inches of sampler penetration and the "N" value, which is the
sum of the blows in the middle two 6-inch penetration intervals.  A typical standard
penetration test involving successive blow counts of 2, 3, 4, and 5 is recorded as 2-3-
4-5 and (7).  The standard penetration test is terminated if the sampler encounters
refusal.  Refusal is a penetration of less than 6 inches with a blow count of 50.  A
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partial penetration of 50 blows for 4 inches is recorded as 50/4 inches. Penetration
by the weight of the slide hammer only is recorded as “WOH.”

Samples should be collected using a 140-pound hammer and 2-inch diameter split
spoons. Samples may be collected using direct push sampling equipment.
However, blow counts will not be available.  A pocket penetrometer may be used
instead to determine relative soil consistency of fine grained materials (silts and
clays).

Sample also may be collected using a 300-pound hammer or 3-inch-diameter split-
spoon samples at the site.  However, use of either of these sample collection
devices invalidates standard penetration test results and should be noted in the
comments section of the log.  The 300-pound hammer should only be used for
collection of 3-inch-diameter split-spoon samples.  Blow counts should be recorded
for collection of samples using either a 3-inch split-spoon, or a 300-pound hammer.
An “N” value need not be calculated.

Soil Description. The soil classification should follow the format described in the
“Field Classification of Soil” subsection below.

Comments. Include all pertinent observations (changes in drilling fluid color, rod
drops, drilling chatter, rod bounce as in driving on a cobble, damaged Shelby
tubes, and equipment malfunctions).  In addition, note if casing was used, the sizes
and depths installed, and if drilling fluid was added or changed.  You should
instruct the driller to alert you to any significant changes in drilling (changes in
material, occurrence of boulders, and loss of drilling fluid).  Such information
should be attributed to the driller and recorded in this column.

Specific information might include the following:

The date and the time drilling began and ended each day
The depth and size of casing and the method of installation
The date, time, and depth of water level measurements
Depth of rod chatter
Depth and percentage of drilling fluid loss
Depth of hole caving or heaving
Depth of change in material
Health and safety monitoring data
Drilling interval through a boulder

D. Field Classification of Soil

This section presents the format for the field classification of soil.  In general, the
approach and format for classifying soils should conform to ASTM D 2488, Visual-
Manual Procedure for Description and Identification of Soils (attached).

The Unified Soil Classification System is based on numerical values of certain soil
properties that are measured by laboratory tests.  It is possible, however, to
estimate these values in the field with reasonable accuracy using visual-manual
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procedures (ASTM D 2488).  In addition, some elements of a complete soil
description, such as the presence of cobbles or boulders, changes in strata, and the
relative proportions of soil types in a bedded deposit, can be obtained only in the
field.

Soil descriptions should be precise and comprehensive without being verbose.
The correct overall impression of the soil should not be distorted by excessive
emphasis on insignificant details.  In general, similarities rather than differences
between consecutive samples should be stressed.

Soil descriptions must be recorded for every soil sample collected.  The format and
order for soil descriptions should be as follows:

1. Soil name (synonymous with ASTM D 2488 Group Name) with appropriate
modifiers.  Soil name should be in all capitals in the log, for example
“POORLY-GRADED SAND.”

2. Group symbol, in parentheses, for example, “(SP).”

3. Color, using Munsell color designation

4. Moisture content

5. Relative density or consistency

6. Soil structure, mineralogy, or other descriptors

This order follows, in general, the format described in ASTM D 2488.

E. Soil Name

The basic name of a soil should be the ASTM D 2488 Group Name on the basis of
visual estimates of gradation and plasticity.  The soil name should be capitalized.

Examples of acceptable soil names are illustrated by the following descriptions:

A soil sample is visually estimated to contain 15 percent gravel, 55 percent
sand, and 30 percent fines (passing No. 200 sieve).  The fines are estimated as
either low or highly plastic silt.  This visual classification is SILTY SAND
WITH GRAVEL, with a Group Symbol of (SM).

Another soil sample has the following visual estimate: 10 percent gravel, 30
percent sand, and 60 percent fines (passing the No. 200 sieve).  The fines are
estimated as low plastic silt.  This visual classification is SANDY SILT.  The
gravel portion is not included in the soil name because the gravel portion was
estimated as less than 15 percent.  The Group Symbol is (ML).

The gradation of coarse-grained soil (more than 50 percent retained on No. 200 sieve)
is included in the specific soil name in accordance with ASTM D 2488.  There is no
need to further document the gradation.  However, the maximum size and angularity
or roundness of gravel and sand-sized particles should be recorded.  For fine-grained
soil (50 percent or more passing the No. 200 sieve), the name is modified by the
appropriate plasticity/elasticity term in accordance with ASTM D 2488.
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Interlayered soil should each be described starting with the predominant type.  An
introductory name, such as “Interlayered Sand and Silt,” should be used.  In addition,
the relative proportion of each soil type should be indicated (see Table 1 for example).

Where helpful, the evaluation of plasticity/elasticity can be justified by describing
results from any of the visual-manual procedures for identifying fine-grained soils,
such as reaction to shaking, toughness of a soil thread, or dry strength as described in
ASTM D 2488.

F. Group Symbol

The appropriate group symbol from ASTM D 2488 must be given after each soil name.
The group symbol should be placed in parentheses to indicate that the classification
has been estimated.

In accordance with ASTM D 2488, dual symbols (e.g., GP-GM or SW-SC) can be used
to indicate that a soil is estimated to have about 10 percent fines.  Borderline symbols
(e.g., GM/SM or SW/SP) can be used to indicate that a soil sample has been identified
as having properties that do not distinctly place the soil into a specific group.
Generally, the group name assigned to a soil with a borderline symbol should be the
group name for the first symbol.  The use of a borderline symbol should not be used
indiscriminately.  Every effort should be made to first place the soil into a single
group.

G. Color

The color of a soil must be given.  The color description should be based on the
Munsell system.  The color name and the hue, value, and chroma should be given.

H. Moisture Content

The degree of moisture present in a soil sample should be defined as dry, moist, or
wet.  Moisture content can be estimated from the criteria listed on Table 2.

I. Relative Density or Consistency

Relative density of a coarse-grained (cohesionless) soil is based on N-values (ASTM D
1586 [attached]).  If the presence of large gravel, disturbance of the sample, or non-
standard sample collection makes determination of the in situ relative density or
consistency difficult, then this item should be left out of the description and explained
in the Comments column of the soil boring log.

Consistency of fine-grained (cohesive) soil is properly based on results of pocket
penetrometer or torvane results.  In the absence of this information, consistency can be
estimated from N-values.  Relationships for determining relative density or
consistency of soil samples are given in Tables 3 and 4.

J. Soil Structure, Mineralogy, and Other Descriptors

Discontinuities and inclusions are important and should be described.  Such features
include joints or fissures, slickensides, bedding or laminations, veins, root holes, and
wood debris.
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Significant mineralogical information such as cementation, abundant mica, or unusual
mineralogy should be described.

Other descriptors may include particle size range or percentages, particle angularity or
shape, maximum particle size, hardness of large particles, plasticity of fines, dry
strength, dilatancy, toughness, reaction to HCl, and staining, as well as other
information such as organic debris, odor, or presence of free product.

K. Equipment and Calibration

Before starting the testing, the equipment should be inspected for compliance with the
requirements of ASTM D 1586.  The split-barrel sampler should measure 2-inch or 3-
inch OD, and should have a split tube at least 18 inches long.  The minimum size
sampler rod allowed is “A” rod (1-5/8-inch OD).  A stiffer rod, such as an “N” rod
(2-5/8-inch OD), is required for depths greater than 50 feet.  The drive weight
assembly should consist of a 140-pound or 300-pound hammer weight, a drive head,
and a hammer guide that permits a free fall of 30 inches.

IV. Attachments
Soil Boring Log (Sample Soil Boring Log.xls)

Soil Boring Log Form with a completed example (Soil_Log_Examp.pdf)

ASTM D 2488 Standard Practice for Description and Identification of Soils (Visual-Manual
Procedures) (ASTM D2488.pdf)

ASTM 1586 Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils
(ASTM D1586.pdf)

Tables 1 through 4 (Tables 1-4.pdf)

V. Key Checks and Preventive Maintenance
Check entries to the soil-boring log and field logbook in the field; because the
samples will be disposed of at the end of fieldwork, confirmation and corrections
cannot be made later.

Check that sample numbers and intervals are properly specified.

Check that drilling and sampling equipment is decontaminated using the
procedures defined in SOP Decontamination of Drilling Rigs and Equipment.
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~~l~ Designation: D 2488 - 00 

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure)1 

This , tandard 1s issued under the ti,cd dcs1gnat1on D 2488; the number immediately following 1hc Jc,,1gnauon indicate<. the year of 
ong,nal ado1mon or. ,n the case of re, iston. the year of last rc,ision. A number ,n parcnthcsc,, indicate~ the )car of la.st rcawroval. A 
~upcrscnp1 epsilon (E) indicates an cd,tonal change since the last rc\lsion or rcapproval 

n11., ,ra11tl11rd '"" he.-n appro-.,J for u,e h, e1genne., uf rhe D.!par1111t·nt "l D.!/~me 

I. cope * 
l . l This practice covers procedures for the description of 

soils for engmeenng purposes. 
1.2 This practice also describes a procedure for identifying 

sotls, at the option of the user. based on the classification 
system described m Test Method D 2487. The identification is 
based on visual examination and manual tests. It must be 
clearly stated in reporting an identificauon that 1t is based on 
visual-manual procedures. 

1.2. 1 When precise classification of soils for engineering 
purposes 1s required. the procedures prescribed in Test Method 
D 2487 shall be used. 

1.2.2 In this practice, the identification portion assigning a 
group symbol and name is limned to sotl particles smaller than 
3 m. (75 mm). 

1.2.3 The identification portion of this practice 1s limited to 
naturally occurring soils (disturbed and undisturbed). 

'-;on, I This practice muy be used us a descnpuve system applied to 
~uch matenab as shale. claystonc, shell,. crushed rock. c1c (see /\ppcndi:1. 
X2) 

1.3 The descriptive mfonnatmn m this practice may be used 
with other soil classification systems or for materials other than 
naturally occurring soils. 

1.4 The values stated in mch-pound units are to be regarded 
as the standard. 

1.5 This standard does not purporl to address all of the 
safety problems, if any. associated with its use. it is the 
responsibility of the user of this standard to establish appro­
pria/e safety and hea/lh practices and determine the applica­
bility of regulatorv limitalions prior to use. For specific 
precautionary statements see Section 8. 

1.6 This prac11ce offers a sel of instructions for performing 
one or more specific operallons. This docume/11 can11ot replace 
education or experience 011d should he used in conjunction 
ll'llh professional judgment. Not all aspects of this practice may 
he applicable in all circumstances. This ASTM standard is 1101 
intended to represenl or replace the standard of care by which 

1 Thi, prac11cc 1s under lhc JUn>dicuon of ,\ST\1 Commiucc D-IR on So,1 and 
Roe~ and 1> the d1rcc1 rc;ponsibili1y of Sutx-ommmcc D 18.07 on ldcn1,r.ca1ion and 
Cla,,1tica11on of So1b 

Curren! cd1111>n eppro,cd Feb. 10. 2000. Pubh\hcd \fay WOO. Originally 
pubh,hcd a:, D 2488 66 T Lasl prc\lous cdmon D 248!1 9J' ' 

the adequacv of a gil'en professional sen •1ce must be ; udged. 
nor should tl11s document he applied i1ithout consideration of 
a pro;ect s many u111q11e aspects The word "Standard" in the 
title of this documen/ means on~\' tha1 the document hm been 
approved through the ASTM consensus process. 

2. Referenced Documents 

2.1 ASTA1 Standards: 
D 653 Tenninology Relating to Soil. Rock, and Contamed 

Flu1ds2 

D 1452 Practice for Soil lnvesugauon and Sampling by 
Auger Borings2 

D 1586 Test Method for Penetra.uon Test and Split-Barrel 
Sampling of Soils2 

D 1587 Practice for Thin-Walled Tube Sampling of Soils2 

D 2 11 3 Practice for Diamond Core Dnllmg for Site lnves­
tigation2 

D 2487 Classification of Soils for Engmeering Purposes 
(Unified Soil Classification System)2 

D 3740 Practice for Minimum Requirements for Agencies 
Engaged m the Testing andlor Inspection of Soil and rock 
as Used m Engineenng Design and Construction3 

D 4083 Practice for Descnphon of Frozen Soils (Visual­
Manual Procedure)2 

3. Terminology 

3.1 D~finilions-Except as listed below. all definitions are 
in accordance with Terminology D 653. 

Non 2 For pamcles reiamed on a 3-m (75-mm) US standard sieve. 
the folio\\ mg dcfin111ons are suggested: 
Cobbles pamcles of rock thal will pass a 12-m (300-mm) square 
opening and be retained on a 3-m. (75-mm) sieve. and 
Bn11/tlc:rs parucles of rock 1ha1 will not pai.s a 12-m. (300-mm) square 
opening 

3. 1.1 clay-soil passing a No. 200 (75-µm) sieve that can be 
made to exhibit plasticity {putty-like properties) within a range 
of water contents, and that exhibits considerable strength when 
air-dry. For classification, a clay is a fine-grained soil, or the 
fine-gramed portion of a soil, with a plasticity index equal to or 
greater than 4, and the plot of plasticity index versus liquid 

' ~nnual 8,mk of ASH/ Sro11durJ,. Vol 04 .0~. 
' Ammal B,,,,A u/ AST\/ S1a,1durJ.,. Vol 04 .(19. 

• \ Summary of Changes section appean; at 11te end of this standard. 

CopY'l!lht C ASTM, 100 Barr Hart,o, Onve. Wesl Conshol,ocken, PA 19428-2959. Un,led Stales 

Cooy,>QNASTM-OOI• 
ReotoduatG by HS unoer lcerlN • 1th ASTM 
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limit falls on or abo\ e the '·A .. line (see Fig. 3 of Test Method 
D 2487). 

3.1.1 grcm!I pan1cles of rock that will pass a 3-m (75-
mm) s1e\e and be retained on a No. 4 (4 75-mml .,,eve with the 
folio\\ mg subd1, 1s10ns: 

co,u-.~t passes :.i 3-in (75-mm) sieve and is retained on a 
"4-in. ( 19-111111) sieve. 

/1111.: passes a '4-111. ( 19-mm) sie\e and 1s retained on a l\o. 
4 (4 75-mm) sieve. 

, l .J 01:f!_anic c/a1L a clay wnh sufficient orga111c content to 
intluence the :.011 properties. For class1ficauon, an organic clay 
is a sot! that would be classified as a cla). except that its liquid 
hm11 value after oven drymg 1s less than 75 °-o or ns liquid limit 
"due before O\·en drying. 

3 I 4 organic sill a silt \\ ith suflic1ent organic content to . 
influence the soil properties. For class1fica11on, an organic silt 
1~ a soil that would be classified as a silt e,cept that its liquid 
lurnt value after oven dry111g 1s less than .,5 °•o of its liquid l1m1t 
value ht:forc oven drying. 

3.1.5 pml a soil composed primarily of \egetablc llssue m 
vanous stages of decompos1t1on usually w11h an organic odor, 
a dark brown to black color. a spongy consistency. and a 
texture ranging from fibrous to amorphom,. 

J.1.6 ~am/ parucles of rock that will pass a l\o 4 (4.75-
mm l sie, e and be retained on a No 200 ( 75-µm) sieve with the 
following subd1v1smns: 

n><1rw'- passes a ·o. 4 (4 75-mml sieve and 1s retamed on 
a '\o. 10 !'.!.00-mm) sieve. 

nm/111111 passes a No. 10 (2.00-mml sieve and 1s retained 
on a No. 40 (425-µm) sieve. 

/me- passes a No. 40 (425-µm) s,e,·e and 1s reta111ed on a 
l\o. 200 (75-~un) sieve. 

3 I 7 vi/r soil pass111g a No. 200 (75-µm) sie,·e lhat is 
nonplasuc or ,cry slightly plastic and that exhibits little or no 
strength when air dry. f'or'·classification. a silt 1s a fine-gramed 
,oil. or the tine-gra111ed portion of a soil.,, 1th J plast11.iry 1nde, 
kss than 4. or the plot of plast1c1ty index versus hqu1d 1111111 

falls bel0\1 the "'A"' line (see Fig. 3 of Test Method D 2487). 

4. Summary of Practice 

4. I Us111g visual examination and simple manual tests. lh1s 
prac11ce g1Ves standardized cnteria and procedures for descnb-
111g and 1dentity111g soils. 

4.2 The soil can be given an 1den11fica11on by assigning a 
group symbol(s) and name The Om\ charts. Fig. la and Fig lb 
for tine-11ra111ed soils. and hg. 2. for coarse-gra111ed soils, can 
be used to assign the appropriate group ~ymbol(s l anu name If 
the soil has properues which do not d1st111ctl) place it 11110 a 
specific group. borderline symbols may be used. see Appcndi, 
X3 

;--.,,1 3 ti 1' ,ugge,ted 1ha1 a d1st1m:tio11 be made bc1wccn dual 
n mho/., .i.nd hon.ll'rlmt· n-mhols. 

- D11<1/ Srn1bol I\ dual symblll 1, 11H> symbols scpam1cd by a hypl11:11. 
for example. GP-G,1. SW-St. CL-1'-l L used to ind1ca1c that the soll has 
been 1dcn11ficd as ha,mg th<! properties of a class1ficmion m accordan~c 
l'llh Tcsl \kthud D 24117 where hHI symbols arc required. Two symbols 
arc rc4111n:d wht!n the soil has bclwecn 5 and 12 •~ lines or 11hcn lhc h4uid 
1111111 .md plas11c11y indc, values plot m 1hc CL-.\.1l area or the plasticll} 
,·han 

c_.,gr,,ASn.s__,. 
A~bY~ ..,,...1ic;e,we.,lhASTM 
Nor~cw~,ng parm,n.d "'°'thoutlicenN from fHS 
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Bonferlm,• .\)'ml>ol \ horderllnc symbol is l\\ll ,ymbols separated by a 
sl~h. for c,amplc. CLCI l. u\1 5"1. CL \IL \ borderline symbol should 
he u,cd to indicate that the ,oil has hecn 1dcn111icd a:, ha1 mg prupcrt1c, 
1ha1 do no1 d1s11nc1l:r place the soil 11110 a spcc11ic group I sec Append,, 
"\3) 

5. Significa nce and lJse 

5 I The descnp11, e 111fom1ation required 111 thts pracllce can 
be used to describe a soil to aid m the evaluation of its 
s1gmfican1 propc111cs for engmeermg use. 

5.2 The descriptive mformauon required tn th is practice 
should be used to supplement the class1ficat1011 of a sotl as 
detennmed bv Test Method D 2487. 

5 ~ This p;actice ma} be u.-;ed tn 1dent1fying soils using the 
class1ticat10n group symbols and names as prescribed 111 Test 
\fothod D 2487. Since the names and symbols used 111 this 
practice to 1dent1fy the soils are the same as those used m Test 
Method D 2487, 11 shall be clear!~ stated 111 rcpons and all 
other appropnate documents, that the clnss1ticauon symbol and 
name are based on visual-manual procedures 

54 This practice 1s to be used not only for 1den11fica11on of 
soils in the field. but also in the office. laboratory. or \\herever 
soil samples are inspected and described. 

5.5 TI1is practice has particular value in groupmg similar 
,011 samples so that only a 111111imum number of laboratory tests 
need be run for pos1t1ve soil classilica11on. 

:,;nr1 4 The ab1ht> 10 dc,cnbc and identify ,o,b corrcc1ly 1, lc.,mcd 
mor<' rc.idily under 1he guidance of cxpcricm:cd pl!rsonncl, but II ma~ also 
I><: ac4u1rcd S) slcmaucally by comp:mng numerical luhoralo1' tcsl result, 
for typical w1b of each lypc w11h their ~1sual and manual charactcmt1c, 

5.6 When describmg and 1denufymg soil samples from a 
gi,·en bonng, test pit, or group or borings or pits. 11 1s not 
necessal) to follow all of the procedures 111 this practice for 
e\CI) sample. Soils \\h1ch appear to be s1m1lar can be grouped 
together: one sample complete]} descnbed and 1den11hed with 
the others referred to as s1m1lar based on perfonrnng only a few 
or the descriptive and 1dent1ficat1on procedun:s descnbed 111 
this practice 

5.7 This pracuce may be used in comb111at1on with Practice 
D 4083 when working with fro7en soils. 

!'.t. .1 5 "-iOll\lthstandmg the statements Oil precision and hiu, con• 
t.11ned m this standard· The precision of this tcM mcthlld " dcpcndcm Oil 

the competence of the pcr,;onnel performmg 11 and Ill.! su11abihty of the 
equipment and fac1h11cs used .\genc1cs 1ha1 meet the crucna of Prucucc 
D 3 740 arc gcncrully considered capable of compe1cn1 and nh1cc111 c 
tcs1mg. User,; of this tcsl method arc cautioned thut compliance w11h 
Pr:ic11cc D 3740 docs 1101 m 11scll a.,,urc rchabk tc~tmg. Reliable 1cstmg 
depend, on sc1c1al fac1ors: Practice D J740 pm11dc, a mean, for 
cvalualln!! -.omc ,1f those factors. 

6. \pparatus 

6.1 Required Apparalus: 
6.1 I Pocket Knife or Small Spaw/a. 
6.2 l..ise/11/ Auxiliary Apparat111·: 
6.2. I Small Tes1 Tuhc> and Stopper (or Jar wnh a hd). 
6.2.2 Small /land Lem. 

7. Reagents 

7 I Puri ti' of Weiler Unless otherwise mdtcated, references 
to water sh~ll ·he understood to mean water from a city \\ ater 

~H~UEI0458001, IJMP-~t LIA 
Nol Jot Ft..... OM),tl2005 08 22 59 MOT 
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GROUP SYMBOL GROUP NAME 

< 
< 30% plus No. 200 -=:_P < 15% plus No. 200 ~,-----<► Lun clay 

--- 15-25% plus No. 200 ----=::::::::"sand ~ " gravel - lun clay with sand 
CL -,----►" sand < ,r. graffl - Lun clay with gravel 

,r. sand ~ " of gravel --=-= ► < 15,r. .,..,., -----<► Sandy tun clay 
~ 30% plus No. 200 -~------ - ~ 15% graffl Sandy lean clay with gravel 

% sand < % gravel --=-.::.::::::: < 15" sand ____ _,. Gra .. lly 1 .. n clay 
~ 15,r. sand Gravelly le., clay with sand 

< <31)% plus No. 200 -=----:::::: < 15" plus No. 200 -=---► Silt 
15-25,r. plus No. 200 -=::::::::::%sand ~ " gravel - Slit with sand 

ML -==---► "sand <" g,aval - Silt with gravel 
% sand ~ " of grlfll -=-----===--: < 15% gravel----► Sandy silt 

~ 30,r. plus No. 200 -=----► ~ 15% gravel Sandy silt with gravel 
,r. sand < Y. grant ---=::::::::::: < ts" sand Gravelly lilt 

~ 15,r. sand------ Gra .. lly lilt with sand 

< <30,r. plus No. 200 ----=:::::::: < 15Y. plus No. 200 -=----- Fat clay 
t5-25Y. plus No. 200 ---=::::::::::: % sand ~,r. 11'• .. I -Fat clay with sand 

CH --- --%sand < Y. II'•"'-Fat clay with gravel 
"sand ~ ,r. of gravel -=:::::::::: < 15% gra .. 1 Sandy fat clay 

~ 30% plus No. 200------- -=---►~15% gravel_-_-_-_-_-_-_-_-_•► Sandy fat cley wrth gravel 
~"sand < " gravel --=-.::.::::::: < 15% sand Gravelly fat clay 

~ 15% sand ------Gra .. lly fat clay with sand 

<JO% plus No. 200 ----= ► < 15'1. plus No. 200 -=-----1► Elastic silt 

< --- 15-25% plus No. 200 ---=-==-=---: ,r. sand ~,r. er••••-Elastic silt with sand 
MH ._,------1►" sand < % g,a"I - Elastic slit with gravel 

"sand ~ of g,a .. 1 --==-= ► < 15% gravel Sandy elastic silt 
> 30')(, plut No. 200 ~ --- ~ 15'1, gravel----► Sandy elastic silt with graftl 
- " sand < % 9rlfll --==-=--==-:. < 15% sand------ Gravelly elanic: silt 

~15% sand----- Gra .. lly elan,c silt with sand 

NOTE 1-Percenlages are based on estimating amounts of fines. sand. and gravel lo the nearest 5 %. 
FIG. 1a Flow Chart for Identifying Inorganic Flne-Oralned Soil (50 % or more fines) 

GROUP SYMBOL GROUP NAME 

< 
< 30'1. plus No. 200 -...:::::.::::: < 15" plu, No. 200 -------------- Or91nic 1011 

15-25% plus No 200 ~ ,r. sand ~ " ••••• Or910nte 1011 with sand 

OL /OH -~------ -- % sand<% 111••1 - Or9on1e ,o,t with t••••I 
--% sand ~ " graval ---=-- < 15% graval Sandy ortantc ,oil 

~ 30'1, pluJ No. 200 -- ____ ------► ~ 15% gravel ----► Sandy ortanic ,o~ with groval 
% sand < % 9,avol -=-== ► < 15" sand Gravelly ortanic ,oil 

---~ 15% sand G,a .. lly o,..,., 1011 wi1h sand 

NOTE 1-Percenlages are based on esbmating amounts of fines. sand. and gravel lo lhe nearest 5 %. 

FIG. 1 b Flow Chart for Identifying Organic Fine-Grained Soil (50 ¾ or more fines) 

suppl) or narural source. including non-potable water. 
7.2 1/nlmd,loric ,kid I\ small boulc of dilute hydrochlo­

m: acid. 1 ICI. one pan I ICI (IO \) to three parts "ater (This 
reagent ,s opttonal for use \\ Ith this practtce). See Sectton 8. 

8. Safety Precautions 
8. I \,\ hen preparing the dilute IICI solution of one part 

concentrated hydrochloric acid ( IO,\) to three parts of distil led 
water. slO\\ I) add acid mto water following necessary safet) 
precautions. I landle ,,1th caution and store safely. If solution 
comes mto contact ,,·1th the skin. nnsc thoroughly "ith water. 

8.2 Caution Do not add v. ater to acid. 

9. amplin!! 
9 I The sample shall be considered to be reprcsentall\e of 

the stratum from which 11 ,, as obtamcd by an appmpnate, 
ac1.:epted. or standard procedure. 

'\ · ~ (l Preferably. the sampling procedure should be identified as 

nghl:ASTMI~ 
:,duced by HS: ur'ldlt ~ W'l\."I ASTM 
,oroduc1.>on or ~..ng Pl"ft.bed willOl.lt ianH from IHS 

3 

ha, mg hcen conducu:d 111 accordancl' with Prncucc, D 1452. D 1587, or 
D 2113. l'r Tc,1 \lc1ho<l D 1586 

9.2 The sample shall be carefull)' tdentilied as to on gin. 

:\'ort 7 Remark~ as to the ongm ma)' take the form of a boring 
number and ,ample number 111 conJunc11on with a 10b number. a gcolo~1c 
stratum, a pcdologic hon1on or a location de,cnpt,on with rcspcc1 ro a 
pcnnnncnt ml>numcnl. a gnd system or a ,talion numher and offset w11h 
rcspL"CI to a stated ccnrcrhnc and a depth llr cle,am,n 

9.3 For accurate dcscnption and identification. the rnrm­

mum amount of the specimen to be exammed shall be rn 
accordance with the following schedule: 
MaKamum Particle Size, 

S,e11e Open,ng 

4 75 mm (No 4) 
95 mm(¾ ,n.) 
19 0 mm(¼ ,n.) 
381 mm(1½1n.) 
75.0 mm (3 ,n.) 

ucentM~Hilr'58150'S8001,UMr'-C-1tet,LIA 
Not tor R--~ '2004; 08 22 59 MOT 

M,n,mum Specimen Size, 
Ory We,ghl 

100 g (0.25 ID) 
200 g (0.5 lb) 
1.0 kg (2 2 ID) 
80 kg (18 lb) 
60 0 kg (132 lb) 
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GROUP SYMBOL GROUP NAME 

:::i,5'4 hne.~-- •W•ll•aded ---------------GW-==---- < 15'4 i.and-.. Well-1,ad.t 9ta't'tl 
~ 15% sand.__., Wtfl-tradtd 9r1¥tl Wllh tand 

Poorly graded-------------- GP--==--• <.. 15'4 t,and--.. Poorlyr 9rldtd 9r1w1I 

GRAVEL 
1f.91ntl 

,.. ,and 

2;15-_.. .,.nd __,.. Poorly 9rad~ 9r1w•I wnh Hnd 

W•lli!<odod---------------SW-==--- <lS'll.1••··•-W•II-,,- ,end 

SP 
~ 15% 9ravel---+- W•ll'tf'eded And w11h 9r1wel 

Poorly t'ad.d-------------- 15,&. 1r1u·I ______.. Pootlv ended s:and 

SAND 
,. .. nd ~,, . .,., 

~t5% gravel______,. Poo'1v tredtd sand w11h grnel 

--============= f1n11•M L or MH - SM-==-- - ...:: 1S" 9,1....t-.... S•ltv $and ~16,S. f1nu SC ..::_15'JI. 9,, .. 1 ___... S1hy land wnh ffevcl 
flntt•CL Of CH--- • .-:: 15% ,, .... , ~ Ct•v•r And 

~ 151' 9rnel _.,. Clncv sand with 9,1.-11 

Non I Percentage" are based on esttmattng amounts of fines. sand, and gravel to the nearest 5 %. 
FIG. 2 Flow Chart for Identifying Coarse-Grained Solis (less than 50 o/o fines) 

~r,11 S If mndom 1solatl!d pan11.:le~ .,re encountered 1ht11 t1rc S1gn1fi­
c.1111ly IJrgcr than the panidc, m the ,011 maun. the soil 11111111, can be 
,1,,11r.11d~ tlc,cnhcd ,md 11kn11licd 111 Jccordancc· "1th th.: prccccd111g 
schedule 

9.4 If the fit:ld sample or specnnen being e.xamined ts 
smaller than the minimum recommended amount, the report 
shall include an appropriate remark, 

I 0. Descriptive Information for oils 
I 0.1 -l11gulanw Describe the angularity of the sand 

(coarse sizes only). gravel. cobbles. and boulder.. as angular. 
subanuular. ,ubniunded, or rounded tn accordance with the 
criten; tn Table I and l1g. J \ range of angulanty ma) be 
slatcd. ,uch as. subrounded to rounded. 

IO 2 Shape Descnbc the shape of the grn~el. cobbles, and 
boulders as flat. elongated. or ffot and elongated 1f the)' meet 
the criteria in Table'.! and Fig. 4. Othemtse, do not mcntmn the 
shape Indicate the fraction of the particles that ha, e the shape. 
such as. one-third of the gra,·el particles are flat. 

TABLE 1 Criteria for Describing Angularity of Coarse-Grained 
Particles (see Fig. 3) 

Descnplton 

Angular 

Subangular 

Subrounded 

Rounded 

Coov,,g,,e AS ll.f lnWNlianal 

Cnlena 

Particles have sharp edges and relabvely plane sides w,lh 
unpolished surfaces 

Particles are s,mllar lo angular descnphon bul have 
rounded edges 

Particles have nearty plane sides but have well-rounded 
comers and edges 

Particles have smoothly curved sides and no edges 

RW'Oduatd DY' J,tS wnclaf' --- w,t1 -.srM 
N'>,~Oll'WWO"'k"'9 pennJ1tG wit"'>ui kanM from HS 
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I 0.3 Cohn Describe the color. Color is a11 important 
property in tdenttfying orgamc soils. and w11h111 a gi,·en 
locality it ma)' also be useful m 1dent1fymg materials ol similar 
geologic ongm. tr the sample conwins layers or patches of 
,·arying colors. this shall be noted and all represen1a11ve colors 
shall be described. The color shall be described for moist 
samples. lf the color represents a dry condition. this shall be 
stated Ill the report 

10.4 Odor Describe the odor if orgamc or unusual. Soils 
contatmng a significant amount of orgamc material usuall} 
haw a <l1st111ct1ve odor ol deca),lllg vi:getauon. This 1s espe­
ciall) apparent 111 fresh samples. but if the samples are dned. 
thi: odor ma), ortc11 be re\ 1ved b) heating a m01ste11ed ~ample. 
If the odor 1s unusual (petroleum product. chemical. and the 
like). 11 ~hall he <lescnbed. 

I 0.5 \101.111/rc• ( 011di1io11 Descnbe the moisturt' condition 
as dry. mmst. or wet. 111 accordance with the cntcna 111 Table ~ 

I 0.6 I/Cl Rcac11on Descnbe the reaction with IICI as 
none. weak, or strong. in accordance \\ ith the cntera in Table 
4. Smee calcium carbonate 1s a common cementing agent, a 
report ol its presence on the basts of the reaction with dilute 
hydrochloric acid 1s 11npottant 

IO 7 ComHtencl' for mtact line-grained soil. describe the 
cons1stenc) as w~ ~on, soft. fim1. hard. or very hard. in 
accordance with the criteria in Table 5. This obserrnuon 1s 
111appropriate for soi ls with significant amounts of gravel 

I 0.8 Cemenwtion Describe the cementauon of intact 
coarse-grained soils as weak. moder:ite. or strong. m accor­
dance with the critena m Table 6. 

~llH&'S980'59001.Uur-C8_,., l.1$1 "°' ... RNo1o OMM'200S 011 22 S9 MOT 
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' ' 1t ..... .is5 

11"1 ,; -.utiul.i• 

FIG. 3 Typical Angularity of Bulky Grains 

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4) 

The par\Jcie shape shall be descr,bed as follows where length, width. and 
thickness rerer to the greatest. intermediate, and least dimensions of a particle, 
respecbvely 

Flat Particles with widlMhickness > 3 
Elongated Particles with lengthlw,dth > 3 
Flat and elongated Particles meet cntena for both ffat and elongated 

I 0 .9 S1ruc111n Dt:scribe the structure or intact sotb in 
accordance with the cnl<.:rtil 111 Table ~. 

IO. IO Rani!<' of Purlidc S1::o For gr:l\el and -..and com­
ponents. descnbc the range of particle sizes \.vtlhm each 
component as defined 1n 3.1 :! and 3.1.6. For e,amplc. about 
20 'lu fine to coarse gra\el. about 40 "·u tine to coan;c sand. 

I 0. 11 \luximum Par1ide Sb! Describe the maximum par­
ucle size found m the sample m accordance wtth the following 
mfom1atton: 

10 11 I Sand Si:e-lf the maximum particlt! ~ize is a sand 
,;11e. descnbe as tine. medium. or coarse as defined in 3 I 6. 
for e,amplc ma,1mum particle size. medium ~and. 

10.11.2 Gral'C'I Si:e If the maximum particle size ,~ a 
gravel stzc. describe the maximum parucle Sile a~ the smallest 
s1e,e openmg that the particle \\tll pass. For example, maxi­
mum particle stze. 11 '2 in. (wtll pass a 11 :-m. square opening 
but not a '\.i-m square opening). 

I 0.11.3 Cohble or Boulder Si:e -tr the maxmmm particle 
sllc ts a cobblt: or boulder size. describe the maximum 
<l11nens1on of the largest paniclc. For example: ma,1111um 
dimension. I~ an. (450 mm). 

I 0 .12 ! lardm u Describe the hardness of coarse sand and 
larger pantcles as hard, or state what happens ,, hen the 
particles are hit by a hammer. for t:xample. gra\'el-sitc particles 
fracture ,, 1th considerable hammer blO\\, some gravcl-stzt: 
parttcles cmmble with hammer blU\\ . "I lard'' means particles 
do not crnck. fracture, or crumble under a hammer blo,, . 

C-,,g111ASTMI-
Raoraclue9dtrw' fiSuncwianse• l)''A$Tf.t 
No ,tp'Oduct,on 01 ~ pe,rn,n.d 'l\tthoul kenM from tHS 
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PARTICLE SHAPE 

W=WIDTH 
T = THICKNESS 
L = LENGTH 

FLAT: W/ T > 3 
ELONGA TEO: L/ W > 3 
FLAT AND ELONGATED: 

- meets both cr i terio 

FIG. 4 Criteria for Particle Shape 

I 0. 13 ,\ddtt1onal comment-. shall bc noted. such as the 
prest:nce of roots or root holes. difficult) m dri lling or augenng 

LJC:anMPCH:zM H ~980fS8001 U..,..c.rtet> l.lN 
Nol kw-. 0M></200S08 22 50 MOT 
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TABLE 3 Criteria for Describing Moisture Condition 
Oescropt,on ----------------------Ory 

M01st 
Wet 

Absence of moisture dusty dry to the touch 
Damp but no v,s,ble water 
v,s,ble free water, usually soil ts below water table 

TABLE 4 Criteria for Describing the Reaction With HCI 

on the portion of the soil sample that will pass a 3-111. (75-mm) 
sieve. The larger than 1-in. (75-mm) pa111cles must be re­
moved, manuall),. for a loo,e sample. or mentally. for an mtal'.t 
,ample before dassifymg the soil. 

12.2 Estimate and note the percentage or cobbles and the 
percentage of boulders Performed \'lsually. these estunatcs 
will be on the basis or volume percentage. 

OescnptJOn Cntena :\'m1 9 Smee the percentage, of the pan1cle-s11e <lt,mhuuon m fo,t 
None No visible reacllon 'l.lcthu<l D ~4X7 ,ire b) dry \\l!tght, and the c,11mates of pcr,·cntagc .. for 
Weak Some reaction. w,lh bubbles forming slowly gravel, sand. aml fine, m tht, practice ,m: b} Ur) weight. rt rs rccom-
Strong v101en1 reaction. with bubbles forming 1mmed1ately mended that the rcpon state that the pen:cnwges of rnbbk, and lx1ulder, ---~:...,_ ___ __;_;_,__;....:.; ___ :...,_ ___ :.._ _____ ....::,_---_ _.:, _____ Jre by , ulunw. 

12 3 Of the fractmn of the soil smaller than 3 in (75 mm). 
_____ T_A_B_L_E_s_c_r_it_e_r_ia_f_o_r_D_e_s_c_r_ib_rn_g=-D_i_la_t_an_c_y:.._ ______ estimate and note the percentage. bv df), ,,eight. ol the gra,el. 
__ 0e_sc_n_p1_10_n ___________ c_n_1e_na __________ sand. and lines (see Appendix X4 for suggested procedun:s). 
Very soft Thumb will penetrate so11 more than 1 ,n (25 mm) 
Soft Thumb w,11 penetrate soil about 1 '"· 125 mm) 1'011 10 Smee the pamcle•st/1! component, appcJr \l,uall} ,in the 
F,nn Thumb w,11 indent soil about 11,m. {6 mm) ba,i, of ~olumc considerable e,pencncc " required lo csltmatc the 
Hard Thumb will not Indent soil but readlly indented w,th thumbnail pcrccnWg<!s on the hast, of uri, \\t:ight. Frequent compan,ons with 
_ve~ry.:.....ha~rd ____ T_h_u_m_bn_a_11_w;,;,,,1_1 ;,;,,no;,;,,t_in__;de_nl_so_ ,1 ____________ l,1bomtury panrclc-si/e anal} sc, ,hould be made 

0escnpt,on 

weak 
Moderate 
Strong 

TABLE 6 Criteria for Describing Toughness 
Cntena 

Crumbles or breaks w,th handhng or htue finger pressure 
Crumbles or breaks w,th conslderaDle finger pressure 
Will not crumble or brea~ with finger pressure 

TABLE 7 Criteria for Describing Dilatancy 
Des r1p110n Cnteria 

Stratified Al\emahng layers of 11ary,ng matenal or color with layers at 
least 6 mm thick; note thickness 

Laminated Altemat,ng layers of vary,ng matenal or color with the 
layers less than 6 mm thick: note thickness 

Fissured Breaks along definite planes of fracture with htlle 
resost.ance to fracturing 

Shckenslded Fracture planes appear polished or glOssy, some~mes 
stnated 

Blocky Cohesive so11 that can be broken down onto small angular 
lumps which resist further breakdown 

Lensed Inclusion of small pockets of different soils, such as small 
lenses of sand scattered through a mass of clay; note 
thickness 

Homogeneous Same color and appearance throughout 

hole. ca\ing of trench or hole. or the presence of mica. 
I 0.14 A local or commercial name or a geologic 1nte1vre­

ta1ion of the soil. or both. may be added if identified as such. 
I 0.15 A classification or 1den11fication o f the sotl in accor­

dance with other c lass1ficat1on systems may he added tf' 
tdent tlied as such 

11. Identification of Peat 

11 I \ sample composed pnmaril;- of vegetable tissue m 
,anous stages or decompos111on that has a fibrous to amor­
phous te,ture. usually a dark brown to black color. and an 
organic odor. shall be designated as a highly organtc sotl and 
shall be identified as peal. PT. and not subJected to the 
identification procedures descnbed hereafter. 

12. Preparation for Identification 

12 I The soi l 1dcnttficat1on portion of this practice is based 

Cocrtr1!111 ASTM l.nwNIIOnal 
Rep,-oa,,,c.o by ..S unoa, bw.e w•th ASTM 
No ,~ or ~ perm.Uld wiUlQul iiCM'N from D-tS 
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12.3.1 The percentages shall be estimated to the close!>t 5 °o. 

The percentages of gravel, sand, and tines must add up to 
100%. 

12.3.2 If one ol the components 1s present but not tn 
sufficient quantity to be considered 5 ° n of the smaller than 
3-in. (75-mm) portion. mdtcate its presence by the tenn true 1:. 

for example, trace L>ffines. A trace ts not to be con~tdered tn the 
total of I 00 "'o for the components. 

13. Prcliminar) Identification 

13 I The soil ts /me .irnuned tf tt conta111s 50 °,o or more 
hnes. r-ollow the proct:dures for identifying fine-grained suib 
of Sectton 14. 

13.2 The soil t!> n1ar.H }!.rained if it contains less than .;;o % 
fines. Folio\\ the procedures for identil>·ing coarse-gra111ed 
soils of Sectton 15 

14. Proccdurr for ldcntif)ing Fine-Grained oils 

14 I Select a rcpresenta11ve sample of the material for 
exam111a11on Remove pan,cles larger than the No. 40 \ieve 
(medium sand and larger) unttl a specimen equivalent to about 
a handful of material ts available. Cse this specimen for 
perfonning the dry strength. dilatancy. and toughm:ss tests 

14.2 Dn• Strength: 
14.2.1 From the specimen. select enough material to mold 

into a ball about I in. (25 mm) m diameter. :'vlold the material 
until it has the consistency of putty. adding water if' necessary. 

14.2.2 rrom the molded material, make at least three test 
specimens. A test specimen shall be a ball of material about Vi 
tn ( 12 mm) 111 diameter AIIO\\ the test specimens to dry tn air. 
or sun. or b:r artificial means. as long as the temperature does 
not exceed 60" C 

14 2.3 If the test specuncn contatns natural di) lumps. those 
that are about 1 • tn. ( 12 mm) m diameter may be used in place 
of the molded balls. 

'\, t 11 The pnJCc~s of molding and drying usually producl-,; higher 
strengths than arc found 111 natural dry lumps of soil 

14.2.4 Test the strength of the dT)· balls or lumps b) 
crushing between the fingers. f\ote the strength as none. low, 

Lc:9f\MPCH2).I Hil.'S960CSI001,~. t.a 
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medium. high. or \Cry high m accorancc with the criteria in 
Table 8. If natural dry lumps are used. do not use the results of 
any of the lumps that are found to contain particles of coarse 
sand. 

14 2 5 The presence or high-strength water-soluhle cement­
mg matenab. such as calcium carbonate. may cause c,cep­
uonally high dr; strengths. The pre~ence or calcium carbonate 
can usuall) be detected from the intensity of the reaction wtth 
dilute hydrochlonc acid (see I 0.6). 

14.3 Dilc1rm1n 
14.3.1 From the spec11nen. select enough material Lo mold 

into a ball about 1 • in. ( 12 mm) m diameter. Mold the material. 
adding \\ater tf necessary. until tt has a sof1. but not sticky. 
con~istency 

14.3.2 Smooth the soil ball 111 the palm of one hand,, 1th the 
blade of a kmte or small spatula. Shake horizontally, strikmg 
the side of the ha11d , 1gorously against the other hand several 
tunes. l\otc the rcactton of water appeanng on the surface of 
the sotl Squcc1e the sample by closing the hand or pinchmg 
the soil between the finger:;. and note the reaction as none. 
slow. or rapid 111 accordance wtth the cntena m Table 9. The 
reaction 1s the speed with which water appears while shak111g, 
and disappears ,, hile squeezing. 

14.4 Tt,ugJmest: 
14 -l I Follow mg the compleuon of the dilatancy test. the 

test specimen ts shaped mto an elongated pat and rolled by 
hand on a smooth -,urface or between the palms into a thread 
about V., in. (3 mm) m diameter. (Ir the sample is 100 wet to roll 
easily. ti should be spread into a thm layer and allowed to lose 
some water by evaporation.) fold the sample threads and reroll 
repeated!} unttl the thread crumbles at a diameter of about 1 

• 

111 ll1e thread,, 111 crumble at a diameter of 1.~ 111. when the soil 
t~ near the piastre htntt. Note the pressure required to roll the 
thread near the plastic l111111. Also. note the strength of the 
thread. After the thread crumbles. the pieces should be lumped 
together and kneaded unttl the lump cnunbles Note the 
toughness of the matenal dunng kneadmg. 

14.-1.2 Describe the toughness or the thread and lump a~ 
km. medium. or htg.h m accordance with the cntena in Table 
10. 

14.5 Pla~11cit1L On the basis of obser\'ations made during 
the toughness test. describe the plasticity of the material in 
accordance \\ 1th the crilena given in Table 11 . 

14.6 Decide whether the soil is an inorganic or llJ1 m:l!allic 
tine-grained soil (see 14.8). lf111orga111c. follow the steps given 
in 14.7. 

TABLE 8 Criteria for Describing Toughness 

Oescnplion 

None 

Low 

Medium 

H,gh 

Very high 

CoPynottl "5ft.' "-"8-t.cJnall 

Cntena 

The dry specimen crumbles into powder w,th mere pressure 
of handling 

The dry specimen crumbles into powder with some finger 
pressure 

The dry specimen breaks Into pieces or crumbles W11h 
considerable finger pressure 

The dry specimen cannot be broken with finger pressure. 
Specimen will break into pieces between thumb and a hard 
surface 

The dry specimen cannot be broken between the thumb and a 
hard surface 

RIIP'Qduted C,,-115 Ul'NMf e.c....."" lh ASTM 
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TABLE 9 Criteria for Describing Dilatancy 

Oescript,on Cnteria 

None No v1sIble change In the specimen 
Slow Water appears slowly on lhe surface of the specimen during 

shaking and does not disappear or disappears slowly upon 
squeezing 

Rapid Water appears quickly on the surface of the specimen during 
shaking and disappea<'!. qu,ckly upon squeezing 

TABLE 10 Criteria for Describ i ng Toughness 

Oescnpt,o~ Cntena 

Low Only sl,ghl pressure Is required to roll the thread near Iha 
plastic llmIt The thread and the lump are weak and son 

Med,um Medium pressure is required lo roll the thread to near the 
plast,c hmll. The thread and lhe lump have medium stiffness 

H,gh Considerable pressure Is requ,red to roll the thread to near the 

Oescnpuon 

Nonplasbc 
Low 

Medium 

High 

plastic hm1l The thread end the lump have very high 
sllffness 

TABLE 11 Criteria for Describing Plasticity 

Cntor,a 

A 'A•m. (3-mm) thread cannot be rolled at any water content 
The thread can barely be rolled and the lump cannot be 

formed when dner than the plastic llm1t 
The thread is easy to roU and not mueh time Is required 10 

reach the plastic l1m11 The thread cannot be rerolled after 
reaching the plashc limit The lump crumbles when dner 
than Iha plast,c f1m1t 

It takes considerable ume rolling and kneading 10 reach the 
plasllc hm11 The thread can be rerolled several times after 
reaching the plasllc hmit The lump can be formed w,lhout 
crumbling when dner than the plastic hm1l 

1-l.7 Jdemi{zcurion o/ lnmy,1111ic Fi11e-GrcJ111cd Sods· 
14.7.1 ldentif-y the sotl as a IC'an elm. Cl. 11 the sotl has 

medium 10 high dry strength. no or slow dtlatanc),, and 1m:d1um 
toughness and pla,;t1c1ty (see Table 12). 

1-l.7 2 Identify the soil as a/ur daJ. CII. if the sotl has high 
to VCI') high di') strength. no dtlatanc}, and high toughnes~ and 
plas11c11-y ( see Table 12) 

1-l 7 3 ldenufy the soil as a silr, \11L. if the ~011 has no to low 
dry strength. slO\\ to rapid dilatancy. and low toughness and 
pla~ticity, or ts nonplasuc ( see Table 12) 

14.7.4 Identi fy the soil 3!> an cla.ttic.\ilr. 'VIII. 1fthe sotl has 
low to medium dry strength. no to slO\\ dtlatancy. and lo,, to 
mt:dium toughness and plasticity (see Table 12). 

\; oi t I 2 These properties an~ s11111lar to those for a lean Cla). 
I "-"'c,c1, the silt ,,111 dry ttutdd~ on the h,111d and ha,·c a ,rnooth. ,ill..) 
fed \\hcn dry 'iorni, soils that \\\1uld clas,tf} as :\111 m aci,ordancc ,,11h 
the cntcna 111 Test l\lcthod D 2-ll-i7 arc, isually d1tlkuh tu distinguish fr,1rn 
kan cl.1ys. CL . It may he nc.:c,sal') to pt:rform lahciral\lry tc,tmg for 
proper 1d.:n11fica11011. 

TABLE 12 Identification of Inorganic Fine-Grained Solls from 
Manual Tests 

Soil 
Dry Strength D1latancy 

Symbol 

ML None lo low Slew lo rapid 

CL Medium lo high None to slow 
MH Low to med,um Nonetosklw 
CH H,gh to very high None 

t......ct12M~~980C$8001 u-r-c.n.< UN "°' lo< - 0M).,2005 08 22.59 l,IDl 
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14.h ldt>11ti/irntion of Or[!am, Fine-Graim•d Soils· 
1-UU ldentif), 1he sotl as an orxanic soil, OL 011. ,f the sotl 

contain, enough org,1111c particles 10 influence the soil proper­
ties. Orgamc soils usually have a dark brown to black color and 
ma} have an orgamc odor. Oflen. organic soils wi ll change 
color. for example. black to brown. when exposed to 1he air. 
<iome organic soils\\ tl l hgh1en in color significantly when air 
dned. Organu: ~oils mmnally will not have a l11gh t0ughness or 
plasuc,ty. The thread for the toughness test will be spongy 

:-;,Ht. 13 In some casl's. through pr.tcllc<c ,md c,pcncncc. 11 ma) be 
po"1blc 10 funhcr 1Jcn1ily 1he organic ,oils a, orga111c ,1lts 01 org.1111,· 
clay,. 01 or OIi Corrclati1111, between the d1!Jtanc). di) ,trength, 
toughncs. lest-. and lal>ora1ory tc,h can be 111.11.k 1,1 1dcnt1f) ,,rganrl" sllli­

m ccnJm dcpo,1ts of s11mlar malcnals of kn,"~n geologic ungm. 

14.9 If 1he soil 1s es1imatt:d to ha\e 15 to 25 °'o sand or 
gra, d. or both. the words ''\vnh sand" or --w,th gravel" 
(whichever 1s more predominant) shall be added to the group 
name. l·or example· .. lean cla} wnh sand. CL" or .. s,lt wnh 
gravel. \1L" (see r,g. la and Fig. lb) If the percentage of sand 
i, equal to the percentage of gravd. use ··,\ ith sand." 

14.10 If' the ,,011 1s esumated to ha\'e 30 ° o or more sand or 
gra,el. or both. the words ··sandy" or --gra\elly" "hall be added 
to the grour. name. Add the word ··sandy" 1fthere arrear~ to be 
more sand than gra\el. Add the \\Ord .. gra,·ell) .. , r there 
appt!ars to be more gravel than sand. For example: ··sandy lean 
clay. CL". "gra\elly fat cla). Cl r·, or ··sandy silt. rvtL" (seer ,g. 
I a and hg. I bl If the percentage of sand ,s equal to the percent 
of grn\.el. use --sand) ... 

15. Procedure for ldcntif)ing Coar se-Gr ained oi ls 
(( onta,m, less than 50 °'u fines) 

15 I The sotl 1s a wm·,•/ , t the percentage or gravel 1s 
1.~t,mated t() be more than the percentage of sand. 

15 2 The soil 1s a wmd ,r the percent:1ge of gra, el i, 
cstm1ated to be equal to or less than the percentage of sand. 

15.3 The sotl 1s a dean grm•e/ or clean sand If the 
percentage of fines is estimated to be 5 °-'o or less. 

15.3.1 ldenllf) the sotl as a well-,<!,radl.'d gran·f. GW. or as a 
ll'ell-waded sand. SW. tf II has a \\Ide range of parllcle s17es 
and substantial amounL, of the 111terrnediate particle sizes. 

15 3.2 Iden ti f) the sotl as a poorfr graded grand. GP. or as 
a poorh l!,radecl ~ancl. SP. ,f It consists predommantly of one 
s17e (uniform I, graded). or II has a \\ ide range of sizes \\tth 
.some mterrnediate sizes obviously missing (gap or -;kip 
graded) 

15.4 The sml is either a J{mw/ with/mes or a wnd with/ines 
if the percentage of fines 1s csumated to be 15 °,u or more. 

15.4 I ldenllf)' the sotl as a d,m:r gran·f, GC. or a c/aw.1· 
mn./. 'i( 1f the fines are dayey as detenrnned b) the 
procedure, 111 <iecuon 14. 

15.4.2 ldentil) the sml as a silt1· gral'('/. G\.1. or a si/11• sand. 
Svl. ,r the fines are silty as detennined by the procedures 111 

Secuon 14 
15 5 If the soil 1s estimated to contain IO 0

, ;, fines. give the 
soil a dual identification using two group symbols. 

I 5S I The first group symbol shall correspond to a clean 
gravel or sand (G'w, GP. SW, SP) and the second symbol shall 
correspond 10 a gravel or sand with fines (GC. G:-VI, SC. SM) 

1 '-.5.2 The group name shall corre-,pond to the first group 

Cooy,,gNASTM-1 
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symbol plus the words ··w11h clay" or"\\ ith silt" Ill indicate 1he 
plasticit) charactenstics of the fines. For example: ··\\ell­
graded gravel with clay, G\.\1-GC" or --poorly graded sand with 
stlt. SP-S\.I" (see hg. 2). 

I S.6 If the specimen 1s predommantly sand or gravt!I bu1 
contams an estmrnted 15 o,.o or more of the other coarse-gramed 
constnuent. the words "with gra\·el" or "\\ nh sand"' shall be 
added to the group name. For example: "poorl) graded gravel 
with sand. ap·· or "clayey sand with gravel. <i(" (see fig 2). 

15. 7 If the field sample contains any cobbles or boulders. or 
bo1h. 1he words ··w,th cobbles·· or --with cobbles and boulders" 
shall be added to the group name. For example "silty gr.ncl 
\\ilh cobbles. Gvl." 

16. Report 

16.1 The report shall mclude the infomiat1on as to origm. 
and the nems indicated 111 Table 13. 

...,, 4 f.xamph Claye_i· Gr«n-1 ,mi, !,~111,/ am/ Cohhle<, u<. 
\buut 50 % fin,: 10 ct>arsc, suhrounJcd lo ,ubangular gra1 cl; ahou1 .lo • o 

line lu coarse. suhroundc<l ,,md. aboul 10 % fine,, ,~11h me1hum plast1CII). 
htgh dry ,m:ngth. no <ltlmanc). medium luughnc,;,, "ea~ rc,1c1ion \\Ith 
1 lt'I: ungmal field sample had about 5 • ~ (b~ volume) suhroundcd 
cobble,, maximum dimension, 150 mm 

ln-Plare Cond111ons 1-'irrn, homogeneous. dry, bro" n 
Gcol<tg1, ln1crprc1a11on i\llu, ,al fan 
N,1111 15 Other c:,c:umplcs of soil de,,cnptton,, and 1dcn111ica11on arc 

given rn Appendix X l and \ppendtx '\2 
'\on II\ If desired, 1h~ percentage, of gra,-cl. sand . and line, nlJ) he 

s1a1cd m 1crrns m<l1ea1ing a range of pcr~cntagc,. as folio"',·· 
TnJCe Particle, are prcscnl hul e,umat~'d to be lc,s lhan 5 •,. 
f-"e11 5tol0 % 
Lillie- 15 ll' .:!5 "'• 
Some :rn tu 45 'l-o 
\lmtlv 50 Ill 100 % 

TABLE 13 Checklist for Description of Soils 

1. Group name 
2 Group symbol 
3. Percent of cobbles or boulders. or both (by volume) 
4. Percent or gravel. sand, or fines, or all three (by dry we19hl) 
5 Particle-StZe range. 

Gravel-fine. coarse 
Sand-fine, medium. coarse 

6. Particle angulanty· angular, subangular, subrounded, rounded 
7 Particle shape· (Ir appropnale) flat, elongated, flat and elongaled 
8 Maximum particle srze or d1mens1on 
9 Hardness of coarse sand and larger partlCles 

10 Plast1c1ly of fines· nonplasl,c, low medium, high 
11 Dfy strength. none, low, medium, h,gh, very h,gh 
12. Oilatancy· none slow, rapid 
13 Toughness. low. medium, h,gh 
14, Color (rn moist cond1l10n) 
15 Odor (mention only 1f organic or unusual) 
16 Moisture · dry. moisl. wel 
17 React,on with HCI none. weak, slrong 
For rnfacl samples 
18 Consistency (fine-grained soils only)· very soft. soft. firm. hard, very hard 
19 Structure slrahfied, laminated, fissured, shckensided , lensed. homo-

geneous 
20 Cementat,on: weak, moderale. strong 
21 Local name 
22. Geolog,c 1nlerpretabon 
23. Add11Jonal comments: presence of roois or rool holes presence of m,ca 

gypsum. etc •. surface coahngs on coarse-grained particles. caving or 
sloughing or auger hole or lrench sides. d11ficully ,n augenng or excaval,ng 
etc 

~ -CH2M Hi1~960-tsa001 , IJMr'=Carter UM 
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16.2 If, in the soil description. the soil 1s identified using a 
dassification group symbol and name as described in Tesl 
:Vkthod D 24li7. 11 must be d1s11nctly and clearly stated in log 
fonns. summar) tables. reporll>. and the like, that the ,ymhol 
and name are based on \ 1sual-manual procedure, , 

17. Precision and Bias 

17 I flus pracuce pro, ides qualitative information only. 

therefore. a precision and bias statement 1s not applicable. 

18. Ke) word~ 

18.1 class1fica11on. clay. gravel. orgamc soils; :.and. silt; sllll 
classification: ,oil descriptwn: , isual classification 

APPEN DIXES 

('\onmnndator) I n for mation) 

X.1. 1::'.\. , '.\IPU,~ OF VISL,\ L O IL DLCRJPTlONS 

XI I The following examples show how the mfonnatwn 
required in 16. I can be reported. The mfom1ation that is 
mcluded in descnptions should be based on mdl\ 1dual circum­
stances and need. 

X 1.1.1 ll'e/1-Grmlcd Gral'el 11'ith Sand (G HJ About 75 °•o 

fine to coarse. hard. subangular gravel: about 2, 0 ·n fine to 
coarse. hard, subangular sand; trace of lines: ma-..unum size, 75 
mm. bro\\ n. dry: no reaction wnh I !Cl 

XI I 2 Silt, 5cmd 1\'llh Gravel (Sl\,/J About 60 % predomi­
nant!) fine sand. about 25 °10 silty fines \\Ith lo,, plasllCll). low 
dry strength. rapid d1latancy. and lo,, toughness: about 15 °'o 
fine. hard. subrounded gravel. a fe,\ gravel-size particles 
fractured \\ 1th hammer blow: maximum size. 25 mm, no 
reaction \\ith 11('1 (l'-ote Field sample size smaller than 
recommended). 

In-Place Conditiom Firm. stratified and contains lenses or 
silt I to 2 111. (25 to 50 nun) thick. moist, brov. n to gray; 
111-place density I Oo lb ft 3: 111-place moisture 9 °/o. 

X 1.1.3 0rgarm Sn,/ (0L OJI) About I 00 % fines with 
low plas11c1ty. slow d1lntancy. low dry strength. and ll)\\ 
t0ughness: wet. dark bro""n, organic odor: weak reaction with 
IICI. 

XI 14 Silty Soncl 111th Organic Fino (S.\.IJ About 75 °·n 
fine to coarse. hard. subangular reddish sand: about 25 "·u 
organic and silty dark brov .. n nonplasuc fines wnh no di) 
strength and slo\\ dilatancy. \\.et; maximum s11e. coarse sand: 
weak reaction with J l('I. 

X 1.1 5 Poorly vroded Gravel with Silt Sand. Cohh/es a11d 
Boulden (GP-G.\IJ- About 75 °·o fine to coarse, hard. suh­
rounded to subangular gravel. about 15 °·o fine, hard. suh­
rounded tu subangular sand: about IO 0,., silty nonplasuc fines, 
11101st. brmrn: no reaction with I !Cl: origmal field sample had 
about 5 °-o (by volume) hard. subrounded cobbles and a trace ot 
hard. subrounded boulders. with a maximum dimension or 18 
in. (450 mm) 

\'.2. L.Sl'\G TIi l IDENTIFIC \TIOl\ PROCEDLRC \ S \ 0 ESCRIPTl\'E S\ TEM FOR SH,\LE. CL,\YSTO'\f, 
'iHEL L5. SL\ {.. CRL t;;IILD ROC. " · i\ '\ D 111 [ 1.na: 

X2. l ll1e 1den111ica11on procedure ma) be used as a 
dcscnptl\ e system apphed lo materials that e-..1st 111-snu as 
shale. cla)stone. sandstone. siltstone. mudstone. etc., but con­
,·ert to soils after field or laboratory process111g (crushmg, 
slakmg, and the hke). 

X::?..2 Materials such as shells. crushed rock. slag. and the 
hke. should be identified as such. llowe,er. the procedures 
used m this practice for describing the panicle size and 
plast1c1ty characteristics may be used 111 the description of the 
matenal. If desired. an 1den11fication usmg a group name and 
symbol according to this practice may be assigned to aid 111 
describing the material 

X2.3 flle group symbol(s) and group names should be 
placed 111 quotauon marks or noted with some type of d1stin­
gu1shing symbol. See examples. 

X1.4 E-..:11nples of ho\\ group nan1es and symbols can be 
incororated 11110 a descnpu,c system for matenals that are not 

mgr,cASn.o--., 
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naturally occurring soils are as follows: 

X~.4 I Shale Chunks Retrieved as 1 to 4-in (50 to I 00-
mm) pieces of shale from power auger hole. di). bro,,n. no 
reaction with I !Cl. After slaking 111 water for 24 h, malenal 
1den11fied as .. Sand} Lean Clay (CL)''; about 60 °o fines v.ith 
medium plasllc1ty. high dry strength, no dilatnncy. and medium 
toughness. about 35 °10 fine to medmm, hard sand: about 5 °10 

gra, el-size pieces of shale. 

X2.4 2 Crmhed Sandstone Product of commercial crush­
ing operation: .. Poorly Graded Sand \\Ith Silt (SP-SM)": about 
90 % fine to medmm sand; about IO 0 10 nonplasllc fines. di). 
reddish-bro,, n. strong reaction ,, 1th I !('I 

X2.4.3 Broken Shells -About 60 °,0 gravel-size broken 
shells. about 30 % sand and sand-size shell pieces: about IO "·o 
fines. "Poorly Graded Gra,el with Sand (GP) ... 

X2.4 4 (. mshed Rock Processed from gra\'el and cobbh:s 
in Pu l\o. 7. "Poorly Graded Gra,el (GP)": about 90 °, 11 fine. 
hard. angular gra\'el-size particles: about IO % coarse, hard. 

t,:itt\l,M.:C.H2M H~58001. US.,,Car\llr UM 
Nol lo< R- -'200!> 08 22 59 MOT 



~ffil, D 2488 

angular sand-size particles: dry. tan. no reaction with l lCI 

XJ. '-UGGESTED PROCEDlRE FOR l,Sl1\G \ BORDERLl'\E "' '\IBOL I-OR .;;01u, \\ I rJI n,o ro~SIBLE 
IDE:'\TlFIC \TIO'\S. 

'\3. l '::.mce this practice is based on estimates or particle 
sJZe d1stnt>ut1on and plast1c1t:y characteristics. It ma} be diffi­
cult to clearly identify the sotl as belong111g to one category. To 
indicate that the soil may fall mto one of two possible basic 
groups. a borderline symbol ma) be used \\ 11h the two symbols 
separated by a slash. for example· SC CL or CL CII 

Xl I I A borderline symbol may be used \\.hen the percent­
age of tines 1s estimated to be between 45 and 55 "o. One 
symbol should be for a coarse-grained soil ,, 1th fines ,md the 
other for a line-grarned soil l·or example· Gl\-1 \11L or CL c;c 

X3. l .2 A borderl111e S) mbol may be used '>'ht:n the percent­
age of sand and the percentage of gravel are esumated to be 
about the ~ame. for example: GP SP. SC GC. G\11 SM. It 1s 
practically unpossible to ha,·e a soil that would have a 
borderlme symbol of G'N SVv. 

X3.l.3 A borderline symbol may be used ,,hen the soil 
could be e11her well graded or poorly !:,'Taded. for example: 
G\\ GP. S\\ SP. 

X3 14 A borderline symbol ma) be used \\.hen the soil 
could either be a silt or a clay. For example. CL, \II L. Cl I 1\.111. 
SC S\-1 

'\3.1.5 -\ borderline symbol may be used when a tine­
grained soil has properties that indicate that 11 is at the 
boundary between a soil of lo\\ compressibility and a soil of 
high compressibility. For example· CL Cl I. \111 \Ill 

X3.2 The order ol the borderline symbols should reflect 
similarit) 10 surroundmg or adJacent soils. For example· soil-; 
in a borrO\,. area have been identified as Cl I. One samph.~ 1s 
considered to have a borderline symbol of CL and C 11. ro 
sho,, s11rnlarity. the borderlme symbol should be C l I CL 

X3.3 The group name for a soil \\Ith a borderline symbol 
should be the group name for the lirst symb0l. except for: 

CL Cl I lean to fat clay 

\IIL. CL claye~ s1 It 
CL '\IL silty clay 

X3.4 fhe use of a borderline symbol should not bd used 
indiscrimmately Every effort shall be made to first place the 
soil into a single group 

X4. S1.JGGESTED PROCEDL'RES FOR E 'Tl'\1Al l'\C THE PERCE:\TAGES OF GR\\ EL, S \'\'D. 
A '\'D FINES It'\' \ SOIL SA\IPLE 

X4 I Jar \lethod The relative percentage of coarse- and 
fine-grained matenal may be esumated by thoroughly shaking 
a mixture of soil and ,1,ater m a test tube or jar. and then 
allowing the 1111\ture lo settle. The coar.;e particles \\ ill fall to 
the bottom and wccessi, cly liner particles will be deposited 
,, 1th 111crea~111g tune; the sand s17es will fall out of suspension 
in 10 to 30 s The relative proportions can be esumated from 
the relative \'Olume of each size separate. This method should 
be correlated to part1cle-s1ze laboratol) detenninat1ons. 

X4.:! Visual \1ethod \llentally visualize the gravel size 
particles placed 111 a sack (or other container) or sacks. Then. 
do the same \\ 1th the sand size particles and the tines. Then. 
mentally compare the number of sacks to est11nate the percent­
age ol plus l\o. 4 sieve size and mmus l\o. 4 sieve size present. 

The percentages of sand and fines in the minu~ s1e,e s11c '\o 
4 matenal can then be estimated fr<'m the wash test ( \4 J l 

X.t.3 /lash Tnt (for rdatin· perrxnlt1[.!<'S of' .w11<I and 
jin£"s) <iek·ct and moisten enough minus l\o. 4 ,1e,·e s11e 
material to fonn a l-111 (25-mm) cube of soil. Cut the cube in 
half. set one-half to the side. and place the other half 111 a small 
dish. \\'ash and decant the lines out or the material 111 the dish 
until the wash water is clear and then compare the two samples 
and estimate the percentage of sand and fines. Remember that 
the percentage 1s based on weight. not volume. I lowe\'er. the 
\'olume companson will pro,1de a reasonable 111d1ca11on of 
gram sue percentages. 

X.t J I While washmg. it may be necessary to break d0\\11 
lumps of fini:s ,, ith the finger to get the correct percentages 

XS. \BBREYl \TED SOIL CL,\ SSIFIC.\TIO'\ \'MBOLS 

XS I In some cases, because of lack of space, an abbre\'1-
ated sysll!m ma) be useful to indicate the soil classiticat1on 
symbol and name. Examples of such cases would bi: graphical 
logs. databases. tables. etc 

XS 2 This abbre, 1ated system 1s not a substitute for the full 
name and descnpllve inlom1at1on but can be used in supple-

Cav,ognl...Sll,1-1 
RaprodUt,edt,vHS__.~wU'IASTM 
Nor~ or ~ng permin,.d -,1lh0Ut lc:enM from IHS 

10 

mentary presentations when the complete descnpt1on is refer­
enced. 

XS.3 The abbreviated system should consist of the soil 
cla~s1fication symbol based on th is standard ,11th appropriate 
lower case letter prdhcs and suffixes as: 

Prefix 

lJ01n1MeCtQt.tHlllfai604S8001 . UNPCat1ef UN 
Not b R ..... OMMl2D05 08 22 59 MOT 



s sandy 
g gravelly 

s with sand 
g with gravel 
C with cobbles 
b w1tri boulders 

~I D 2488 

GfO/Jp Symbol and Full Name 

CL, Sandy lean clay 
SP-SM. Poorly graded sand with silt and gravel 
GP, poo,ly graded gravel with sand, cobbles. and 
boulders 

X5 4 The ~011 classitication symbol 1s to be enclosed in 
parenthesis. Some examples would be: 

ML gravelly sill with sand and cobbles 

~LMMAR\ OF CllA~ GES 

Abbreviated 

s(CL) 
(SP-SM)g 
(GP)scb 

g(ML)sc 

In accordance \\ 1th Committee D I X pol icy, this section identtfie!> the locatton 1lf changes to this standard smce 
the last ed1t1on ( 1993'1 J that ma:y impact the use of this standard 

( I l \dded Practice D ,740 to Sectmn 2. (2) ,\ddcd 1':ote 5 under 5. 7 and renumbered subsequent note!>. 

eoo.,.,,..ASTM-

Tne Amencan Society for Testing and Matenars takes no posItIon respecting the va/Kl1ty of any patent nghts asserted In connection 
,.,th any item ment1on<KJ ,n th,s standaro Users of th,s standard are exp,ess,y adv•sed that C1eten111nation of the ,•al1C11ty of any such 

patent ngnts. and the nsk of ,nfnngement of such r,ghts. are entirely thf',r own res.oons1b1flty 

This slane1ard is sub1ect to re11IsIon at any time by the responsible tecflmcat committee and must be reviewed every five years ane1 
,f not revised. either reapproved or withdrawn. Your comments ere mvrted either for n!VISIon of this standard or for add,/ionat standards 
and should be addressed to ASTM Heaoquarters Your comments will receive careful consIderaI1on at a meeting of the responsible 
technical comm1ttea. which you may attend If you feel that your comments have not recewed a fa,r heanng you should ma~e your 
v,ews known to the ASTM Comm,ttee on Standards at the address snown be•ow 

This standard is copyngllted byASTM, 100 Barr HartJor Dnve. PO Box ClOO. West Conshohocken. PA 19428-2959. Un,ted States 
Jndivle1uat n!pnnts /smgre or mu11,pte eop,es) of 11l1s standard may be oota,ned by contacting ASTM at the a/Jove ae1dress or at 
610-832-9585 /phone.t 610-832-9555 (fax/. or service@astm.org /e-ma,I), or thfOU9h the ASTM .. ebs1le 1www.as1m orgl. 
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a Designation: D 1586 - 08 

•u I I 7 
IHTCRNAT/OHAL 

Standard Test Method for 
Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils1 

Th" ,rnndarJ " ",ueJ under the ll\~-J Je,1~n.1111t11 D I~~(>; the num!ic,r imm<tl1a1el~ following the ,k,1i:nauon ind1cain 1hc vcar of 
nn~inJI adnpu,,n ,,r, 1111hc .-a~ of rc,i~o,,n. 1hc year nl la,1 ~\M11n ,\ numtic,r 111 ra~nlhcsc, 111d1.:a1c, th<, )Cilr of la,1 ~Jflp~,al \ 
,upcr"npt c:p,1lon (E) Uk.l1i:at~ an cJnoriaJ t:h;mgc ... rn~c the la.,t rcvh11>n ut rc,tppnwal 

/111, :.11,mt/,,r,/ 11,u 1,,,.,, u1•11ro,·td for ,oe h~ mwm lt'l ,,t tlir Ott",,.'"'''"'<'( Ot/tll\f' 

I. Scope* 

1.1 Tht\ te\t method de-,cnbe-, the procedure. generally 
knm~ n a-, the Standard Penetration Test (SPT). for dnvmg a 
split-barrel ,ampler to obtain a repre,entati\'e disturbed soil 
,ample for 1de111ificatinn purpo,e\. and mea,,ure the re~i,tance 
of the ,oil JO pene1rat1on of the ,ampler. Another method (Te,t 
.\Jet hod D 1SSOJ to dri, e a ,pl it-barrel ,ample, to ohta111 a 
repre ... entat1ve ,oil ,ample ,., aH1ilable hut the hammer energ} 
1, 1101 ,1andard11cd 

1.2 Praeuce ll oc gl\e~ a guide lO determ111111g the nor­
mahzed penetrallon re-,1,tance of ,ands for energy ad.1ustmentl> 
ol '\-value to a consmnL energy Je\'el for e,aluating liquefac­
uon potential. 

1.3 Te,t results and 1den11hcat1on information are u,cd to 
cst1111ate ,ub,urfoce conditions for foundation de,1gn. 

I ..4 Penetration res1,tance te,ung 1, t)p11.:ally performed at 
5-foot depth 1nten al, or v. hen a s1gmticant 1.hange of materiab 
" oh,ened dunng dri lhng. unles, otherw1,e spec1hed. 

I 5 Thi, test method 1, limned LO use m nonl11h1tied soil., 
and ,01ls whose maximum particle ,11e 1, approximately les, 
than one-half of the ,ampler diameter 

1.6 Thi, test method inrnlYes u,e of rotary dnlling equip­
ment (Guide D .;;;:-,_- , Pracuce f) , , I). Other dri lling and 
,amphng procedures (Guide I) x ,, Guide I ( I ( t) are avail­
able and ma} he more appropriate Consideration, for hand 
I.Im ing or ,hallow ,,1111plmg v. ithout horchnle, are not ad­
dre,,ed Sub,urfacc 111ve,11gat101h ,hould he recorded Ill ac­
rnrdance w11h Practice I l ., Samples should he pre,erved 
anll tran'>p<.111ed 1n accordance with Practice , 1 u,mg 
Gmup B. S011 samples ,hould be 1dcnllfied b} group name and 
\jmhol m accordance with Practice D 

1.7 All oh,ened and calculated ,aJue, ,hall contonn to the 
guidelines for significant digm and rounding established m 
Practice D ,.q '.fl. un less ~uper-,eded by th1, te,t method. 

1.8 The \'alue, Mated 111 mch-pound untt, are to be regarded 
a, ,tandard. except a, noted helow. The value, given in 

1 1111, mctlk>d 1, under lhc 1un-.J1<11,10 ,,r AST\I Coonmm~c I> Iii ,,n Soil and 
R,1<:l anJ •~ 1hc dirc,·1 rc,po11>1h1lil) ol Suhco111m111cc DI !i.ll:? on Samphn~ anJ 
Rcla1cd Field Tc,t111g for 'ioi I E\ ,duauun, 

C11m,n1 cJ111on appm,cd Fch I, :?008. Put,lish<-J ~ an;h 1008 Oniunally 
•rrn"cd m 195!!. L1St prc,iou, e,hti,111 arrn"cJ 111 19!1'.1 a., D 15Kti - 99 

parenthe~es are mathemaucal con\'ef\1ons to S I unit!-.. \\h1ch 
are provided for 111fonnation onl) and are not cons1derc:d 
standard. 

1.8.1 The gra, itational ,y,tem of mch-pound unih i, u,ed 
,, hen dealing wllh mch-pound unit~. In this system. the pound 
(lbfl repre,eni... a umt ol force (weighn. while the umt for nia,, 
1, ,lug, . 

1.9 Penetration resistance mea,urement, often will 1mohe 
,afet) planning. adm111istration .• ind documentat1on. Thi, t6l 
method doe, not purport to addres, all a,pech ol exploration 
and site !>afety. This standard dues ,wt purport IO addren all of 
tlw wfi.'I\ co11cems. 1:f am, associated 11-ith ,a r11e. It tJ the 
n·sponsib1/11y of the user of this sumdard to e1tahl1JIJ appm­
prialc .mfetr and health prauice., and determine the applin,­
hiliry of regulator\' lim1ta1ion1· prior ro u.fe. Perfommnce of the 
te,t u,ually mvolves use of a drill ng: therefore. ,afrty 
requirement, as outlined Ill applicable ,afet) \landard, (tor 
example. OSHA regulauons.1 \JDA Drilling Safety Guide.~ 
drilling safety manual<,. and other apphcahle ,tate and local 
regulat1onsl mu,t he ohsened. 

2. Referenced Documents 

2.1 t\STM Swndard.1: ~ 
D Termino logy Relating to Soil. Rock. and Contmm:d 

filu1d, 
D l:i5 Te,t Methods for Specific;. Gramy of S01I Snhd!-. h) 

Water P}cnometer 
I> 158 Practice for Th111-Walled Tube Sampling of Soil, 

for Geotech111cal Purpo,e, 
f> 2 Te<,t Method, for Laboratory Detem11nat1on ol Wa-

ter (Moistu re) Content of Sotl and Rod. by Ma-,, 
D ~ Practice for Cla"1fica11on of S01b for [ngmccring 

Purpo,es (Umtied Soil Class1ficauon System ) 
D Pracuce for Description and ldenufication of Soil, 

: ,\ , ailahlc from (kcupau11nal s.1ct) •nJ Hc~lth ,\dm1n1,1ra11un !OSH .\ J. ~lkl 
Cn11,1uu11on ,\v<. "I\\ , \\a,hmgton. IX. 21121(). hnp•//wv.wu,haguv 

',\,a1lahk lrom the "IJ111>nal Dnlhng ,\,"xiatn•n ,'II l Ccn1cr RJ .. Sunc W, 
Bnm,"1ck. OH .W:? 12. hup://"w"· ndJ.lu com. 

'for rdcn:nccd AST\I ,1andards. v1,u 1hc \ST\1 \\ch,uc. """a,tmuri;. ur 
conl•d ,\!,T\1 Cu,mmcr Sen ,a: ,n ,cn·1ccfiras1m OI}! r,,r '\111111nl /J,,,,A of A'il It 
Stt11td,1rds \1olume tn!Ormatmn. refer tu~ "-tan<l.ard\; Document Summ.t.r) page <m 
1hc .\'IT:\I "ch,11c. 

· \ ~umm:ir) of Chnngc., ,ection appear; a t lhe end of lhb \ landard. 

c«>vll(lfll CASHA ln1oma1,0fl(tl, 100 Bar, Ha,oo, C• ,., PO Bu• C700 Wesl ConshollOCl<en. PA 194,3-us.J. U '""' S1818S 

~-.STM,._, 
P~ r,y HS~ laflMv,,thASTlil 
No reproctuct,on o, ~ng petfflttild -N!ltlol..l flc9nM l,om tHS 

LanNa.,.t11tmOof\ VM9tiOl,58008. ~ liN 
NQI tor Reuie. Cl4·tl,'20010808 12 MOT 



dlffi.i. D 1586 - 08 
~ 

I Vi..ual-~1anual Procedure) 

n I~ PraLL1ce for Thick Wall. Ring-Lined. Split Barrel. 

Dme Sampling of Soil, 

D ~- Practice llir \11011num Requiremen1' tor Agencies 

Engaged 111 the Testing and/or ln,pel·tion ot Soil and ROl·k 

:.h U,ed m Engineenng De'ign and Ctm,truc11on 

~ I PracllC6 tor Prc,erv111g and Tran-,portmg Soil 

Sample-, 

Te,t ,\letho<l for Energy i'.\ka,urement fo1 D) narnic 

Penetrometer, 

I)~'- Guide for riel<l Logging of Suh,urfacc faplura ­

tion, ,lt Soil and Rock 

I> 57X Guide tor U,c of D11ect Rotar~ Dnlhng with 

\\',ner-Ba,ed Dnlhng riu1d for Geoell\ 1ronmental Lxplo 

ratmn and the ln,tallation ot Subsurface \\'mer-Quality 

\1omtonng Device, 

, PraLtice for U,mg Sigmlk:mt Digit-, in Geotech111-

cal Data 

I) 6066 Practice tor Determining the '-.;ormali,ed Penetra­

tion Re,i,tance of Sand, for Evaluation ot l.14uefoc1ion 

Potential 

D 61 'i I Pr.icuce tor U"ng Hollo\\-Stern Auger, tor Geo-

1ech111cal E\plorauon .ind Soil Sampling 

I) (116'> Guide for Selection ot Soil and Rock Sampling 

De, ice, Used Wnh Dnll Rig, for Ell\ mmmental 111\e,u­

gation, 

IJ 6286 Guide for Selection of Drilling \lethod, for En\'i• 

r(lnmental Sne Charac1eriza11on 

[) 09 1 Te,t \.1ethod, for Particle-S11e O1,1ribu1ion (Grada-

111,nl ot \111), U,mg S1e,c An·,h,, 

J. Terminolo!!J 

J . I Diji11111mu. Detin111nn, of tenm 111..:luded 111 lem11nol­

og) f) 653 ,pec11ic to this practice arc: 

J .1.1 cmhead. 11 the rotating drum or windla" 111 the 

rope-cathead hft -,ystem around \\ h1ch the operator y,,rap, a 

rope to lilt and drop the hammer by ,ucce,,i,ely tightening and 

loo,enmg the rope turn, around the drum 

3.1.2 drill rod.1. 11- rod, u,ed to tran,mtt dO\\ n\\ ard force 

and torque to the drill bn while drillmg a horehole. 

J .1.3 .V-rn/11e. 11• the blow count repre,entauon ol the 

penetration re,i,t,mce ol the ,oil. The N- \alue. reported 111 

blo\\, per loot. equab the ,um of the number of blow, (/\) 

required to drive thl! ,ampler over the depth inter\'al of 6 10 18 

in. (150 to 450 mm) bee 1). 

3.1.4 Stmulard P£·1tl'tratio11 TeJt (SPT). 11- a test proces, in 

the bottom or the bon:hole "here a ,pht-barrel ~ampler ha\'ing 

an in'ide diameter of either 1- 1/2-in. 138. 1 mml m l -J/8-in. 

134.lJ mml bl'e ) "dn\'en a g1n:n d1,tance ot 1.0 rt (().JO 

ml alter a ,eat111g interval of 0.5It(015 Ill) u,ing a hammer 

we1gh111g appro,imatcl) 140-lhl 162~-;-.;J tailing 30 = 1.0 in. 

t 0. 76 m ::: 11.()JU ml for l',tch hammer b)O\\ 

3.2 Deji11i11om of frrm.1 511edjic III nm !:itam/arcl: 

J .2.1 w11·i/. 11- that ponwn of the dri,e \\eight a,,embly 

which the hammer ,11ike, and through which the hammer 

energy pa"e' into the drill rod,. 

-,i,I AStl.1--
'0v-otel br IHS yn0e, ac... ...,. ASTM 
) t~ 0/ ~ ~ -'l'IOl..t IIUnN from liS 

:' 

3.2.2 clr11·t• 1n-il,/hl m.1cmhl)'. 11- an av,embly that con'i,h 

of the hammer. anvil. hammer fall guide ,y,tem. drill rod 

anachment ,y,tem. and any hammer drop ,y,tem hoi,ting 

allachml!n1'. 
J.2.3 hammer. 11- that ponwn ol the drl\e-,,e1ght a,,l!mbl) 

com,i,ting of the 140 ::: 2 lbf (623 :! 9 , I 1mpall \\eight which 

is ,ucce,si\ely ltlted and dropped to prm 1de the energy that 

accomplt,he, the ,ampltng and penetration. 

J .2.4 hammer drop ~nrem. 11- that portion nl the u1'1\I!· 

weight a,,embly by \\-h1ch the operator nr au10111at11. ,y,tem 

:.11:comphshcs the lifting and dropping of the hammer 10 

prnuu, :e the him, . 
3 .2 ~ h,1111111t·r Ji1/I 1./lliclc. 11-that pi!rt of the dri,e-,,cight 

a-,,emhl) u,ed to guide the tall ot the hammer. 

3.2.6 1111111hu of rope rurm. 11- the total contact an,l!le 

bl!twecn the rope and the cathcad at tht: beginning ul the 

operator·, rope ,lackcning I() drop the hammer. divided by 

J600 (,ee I 1p I ). 

3.2.7 J11111p/i11g rods. 11- rod, that connect the drive-weight 

a"emhly to the ,ampler. Drill ro<l, ,m .. • often u,ed for thi!> 

purpo,e. 

-t ",ignificancc and Lsc 

4.1 Thi, 1e,1 method pro" ide, a ui,turhed ,l,11 ,ample tor 

moi,ture content determination. ll1r identiticauon and lht"1fi­

cation ( Practice\ 1 · and ) 248 l pufP(N:,. and tor laho­

ratory test, apprnpnate for ,;011 obtained from a ,ampler that 

" ill produce large ,hear ,1rn111 di,turbancc in the \ample wt·h 

a, Te,t Method, D SS -. ) 2216. and D 6<> I Soll depo,i1' 

containmg gr.1vel,. cohhle,, or boulder, typ1cally re,ult in 

penetration refu,al and damage 10 the equipment 

4.2 This te,t method prn\'lde, a dl\turhed ,oil ,ample lnr 

mrn-,ture conh!nt detenrnn.ition and laboratory idcnutil'allon. 

Sample quality i, generally not ,uitable for ad, .inced labnra­

ton tc,ting for engmeenng propertie,. The proce,, ot dm mg 

the ,ampler "ill cau,e d1Sturbance ot the ,oil and change the 

cng111eering propert1e,. U,e of the 1h111 wall tube ,,unpler 

(Practice I> J'i87 ) may result m le,, di,turhance m -,oh ,oil,. 

Coring technique, may re,ult in le" di,turhance than SP1 

,ampling for harder ,oil,. but it i, not alway, the ca,e. that " · 

.some cemented ,oil, may be('omc loo\ened by water .icuon 

dunng coring; ,ee Pra1.11ce D 6151, and Guide I) 6 l(J4, 

4 .3 Thi, te~t method "u,ed e,ten,;1\ely in a great vanct\ nf 

geotechmc:il explorauon project.... \1any local correlauon, anu 

widely puhh,hed corrclatton, \\ h1ch relate blow count. or 

,\'-\alue. and the eng111eenng beha\'lor of e.irthworb .md 

foundations are avai lable. For e\'aluating the liqudat:11011 

potenttal of !>and, dunng an earthquake event. the \ \a)ue 

,hould be nonnal11ed to a standard O\'erburden ,tre" le,el. 

Practice I) 6(1(,6 pro"1de, method, to obtain a record of 

no rmah,cu re,i,tance of ,and, to the penetration of a ,1.indard 

"unpler dm en hy a ,tandard energy. The penetration reSJ,tance 

i, auju,ted to dnll rod energy ratio of 60 ~ by u,ing a hammer 

,y,1em w11h e11hcr an e,umateu energy deh\·el)' or dm:·ctly 

mea,uring drill rod sire" ,, a\'e energ} u,ing Te,t Method 

046l~. 

'\on I - TI1e rchab1l11y ol cfata anJ m1i:rprc1,111on, !!~ncratcc.J h} th,, 

praClkc: i , Jcpcnc.Jc:nl on 1hc: rnmpcwn.:e of th.: p.:r,onnc:I p.:rtormmg 11 

l--VMlll04S11001. U....C-W lu 
,..,. ..,_ 0<,1"2!lOll .. 0a 121o<OT 
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A 

A 

(a) counterclockwise rotation 
approximately 1:\• turns 

8 

(b) clockw,se ro1a1,on 
appro•1mately 2' • turns 

Cathead 

Section A-A 

Section B-8 

FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

amf th.: ,u11:ih1l11y of th,' .:qmpmcm anJ tac1l11ic, U"<'J /\gcnc1c, that m.:ct 
the ,ritcna 111 Prnct1ct• I) n ~p generally ar,· con,1dcrcJ capahlc ot 
,<>mpctcnt te,tmg. t t,cp, ol th,, prat·uc.: arc cauuoncd thut "'mphan.:c 
"1th Pracli.e D '740 doc, nut a,,ure 1d1ablc tL·,tmg. Rehublc re,rmg 
,kpcnd, <lfl ,cvcral lm:1ors anJ Prncucc D J7 l 0 pruvide, a mcan, of 
c, uluatmg ,nme ,,t thc,c factors . Pr."uc.: D H-IU ,,a, developed for 
agcncie, engaged m 1hc 1c,ttnj!, in,pcction. or both. of ,otl, and rock. \, 
,uch. 111, m>t cotally apphcablc 10 agencie, per1nnmng lhl\ practice. U,cr, 
uf 1h1, 1c,1 method ,houltl rc,ogn11c that the fr.im.:,,orl of PraclKC 
I> P.W is appmpnatc for cvaluatin)? the qual11, of an agency performing 
1h1, 1c,1 method C'urrcml). there" no knm,1141mht~111g na11onal au1h11m~ 
that •n,p..-,h .1g.:11cic, 1ha1 perform 1h1, te, t 111.:1!11>0 

5. Apparatu, 

5 I Drilling Lq11ip111c111-Any drilling equipment that pro­
\idc, at the time of ,amphng a ,uitahle borehole before 
in,crtion of the sJmplt:r aml ensure, that the penctrnt1011 test "' 
perfonned on undbturhed ,ocl ,hall he acceptable. The follow­
in& pieces of equipment have proven 10 be suitable for 
.id,am:mg a borehole in ~ome subwiface conditions: 

5.1 I Drag. Clt11ppi11g, and FiJhlail 81/.f Jes~ than 6 1'2 in. 
( 165 mm) and greater than 21:. 111 (57 mm) 111 diameter ma) he 
u,ed in con1unction wnh open-hole rota[) dri ll111g or ca-,111g 
ad, ancement dnlhng methods. To a, oiJ d1,1urbam:e of the 
unJerlymg ,011. bottom d"charge hits are not pem1itted: onl} 
,iJe dtscharge bit~ are pennitted. 

Coe>vtiQ"" ASTM lhMlfNIL,onaf 
Pro,;-dlido.,&w'IOltktlf\M~ASN 
Ni:'I ,~ o, ~ng Z-tft-'1..cl w•Chol.l1 llcenM: horn JHS 

7 

" I 2 Roller-Co111 H11.1. le,, than 6½ m. ( 165 mm> and 
greater than 21,., 111 (57 mm) in diameter may be used 111 
conjunction with open-hole rotary Jnllmg or Lasrng­
advancement dri lling methods if the dri lhng fluid d1,charge 1, 
deflected. 

5.1 3 Hollow-S1e111 Co11tin11ot1.I' Ui,:h1 \ ugcrs. w11h or w11h­
ou1 a center hit a~sembl). may be u~ed to dnll the borehole. 
The ms1de diameter of the lmllo\\-stem auger~ ,hall he Jes, 
than 612 m. (165 111111) and not Jes, than 21:. 111 (57 mm). 

5.1 A Solid, Cm1111111nu1 F/j~,/1/, llud,t•t a11cl Hand \u~CI'.\, 

k,s than 61' 2 111. ( 165 mm) and not le.,-, than 21,:. m. (57 mm) m 
diameter may he used 1f the ,oil on the '1dc ol the horehuk 
Joe, not L'a\ e onto the ,ampler or ,ampling rnJ, dunng 
,amplmg. 

5 2 Sampling Roc/s-nu,h-jomt steel dri ll rod, ,hall he 
u,ed to connect the spin-barrel sampler 10 the Jmc-wc1ght 
a,,embly. The ,amplmg rod , hall ha, e a sttllness (moment of 
mertia) equal to or greater than that of parallel wall .. A .. rod (a 
steel rod that has an out'1de diameter of 1-5/8 in. (41.J mm) 
and an in,ide Jiameter of 1- 1/8 in. (28.5 mm). 

5.3 Spli1-Barrel '>ampler- The standard sampler dimen­
,ion, are shown 1n I . The ,ampler has an nutSJde dwmetcr 
of 2.00 Ill. (50.8 mm). The in~1de diameter of the of the 
,plit-barrel (d1menst0n D 111 I "') can be enher I 112- 111. (JIU 

~ 3t._ffldot\ \'A/5960458008 U~C.,,.,, UM 
NoUor Ralta Q.4.•11120080808 12 MOT 
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OPEN SH E 

E 

l 
r------.;....___ 
-i 
G A 

A = 1.0 10 2.0 ,n. (25 to 50 mm) 
B = 18.0 to 30 0 ,n (0 457 lo 0.762 m) 
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FIG. 2 Split-Barrel Sampler 

mm) 0r I ,-m. (14.9 mm) bee ik .2 ). A 16-gaugc lmer Lan 
be u,cd 11Ndc the 1112-m. (38.1 mm) ,pltt barrel ,ampler. The 
1.hiv1ng ,hoe <,hall be of hardened ,tee! and -.hall be replaced or 
repaired ,,hen tt becomes dented or di..,torted. The penetraung 
end of the dme ,hoe ma) be ,lightly rounded. fhe spltt-barrel 
,ampler must be equipped wt1h a ball check and vent. Metal or 
pla,tic ba,ket, may be u,ed to retmn ,oil ,ample,. 

N <1tl :! 811th thco1) ,1ntl uva1l.ihk tc,1 tlata ,ug).!c,t that V-valuc, ma) 
u,tter a, mu,·h a, IO 10 10 '}f, ~l\\.:cn a .:on, tant msitk tl1a111c1cr ,ampler 
unJ up-.•t ,,all ,ampler. II II i, nc.:c"af) 111 ~1,rrc.:t hu the up,ct "all 
,ampler rch:r Ill Pra.:11.:c [) /11.Jl,h In :-;orlh \menca. 11 1, "'"' common 
pradKc to u,c an up,c1 ,,all ""nplcr "1th an m,idc d1amc1cr nl I \ , 1n ,\t 
,,nc 11ml'. hncr. were u,cd but pra,ucc ~volvcd to u,c the up,ct wall 
-.ampler \\ithout ftncr,. l. ,c of an upset wall ,ampler allow, lnr u,..- ol 
rctamcr. if needed. reduce, rnside friction, and imprmc, rernvcry. ~Ian) 
other countnl!, ,ull u,c a con,tant ID ,pht-hum!l ,ampler. \\hich wa, the 
ongmal ,tandartl and ,1111 a.:ccptahlc within thi, ,wndard 

5 .4 Dm·e-1 Vt•ig/11 A1.1e1nb/v: 
5.-l I /lammer and ,\111'1/-The hammer ,hall weigh 1-10 ::: 

2 lbt (623 - 9 Nl and ,hall be a rigid metallic ma,s. The 
hammer ,hall ,trrkc the am I I and make ,tee I on ,tee I comai:t 
when tt 1, dropped. A hammer fall guide perm111111g an 
untmpcde<l fall shall be used. I 1g 1 shows a schcmul1c of ,uch 
hammers. Hammers used with the cathea<l and rope method 
,hall have an unimpeded over lift capacity of ut lea,1 4 1n ( I 00 
mm). For ,afrty reason,. the use of a hammer as,embly with an 
tntemal am 11 "encouraged a, -..hown in I t,E! The total ma..s 
ot the hammer a,,cmbly beanng on the dnll rods , lmuld not be 
more than 250 - 10 lbm ( 111 ::: 5 kg). 

:'\n .t. J It i, ,uggc,ted that the hamm..-r tall )!llldc be permanent!} 
mar;.cd to cnanlc the operator or in,pc.:tor Ill judge the hammer drop 
height. 

~-ASTI,1-PrtMded by HS i,noe, licar'!a w,t'tASTM 
No r-.,,odut.! -on Ot Nhll(lf"il,ng c,er,n..ued wthoul lloef,M fro,n HS 

5.-1 .2 Hamma Drop Snwm-Rope-cathead. trip. ,e1111-
JUtomuuc or automatic hammer drop ,y,tem,. as ,hown in I 
4 ma) be u,ed. pro, iding the ltfung apparatu, will not ~uu,e 
penetration of the sampler while re-engaging and lifting the 
hammer. 

5.5 Acce.uar_v £q11ipme11J-Acces,orie, ,uch a, labeb. 
,ample coma111ers. dat.1 ,heet,. and groundw mer level mea,ur­
ing de, 1..:e, ,hall be pnn ide<l tn accordam:e w11h the require­
ment-. nl' the project and other AST\t standard,. 

(1. Drilling Procedure 

6.1 The borehole ,hall be ad\'ance<l 111crcmen1all)r to perrmt 
i111erm11te111 or continuous ,ampling. Te,t intervah. und loca­
tions are normally stipulated by the pro,1ect engineer or 
geologi,1. Typtcall}, the intervab ,elected are 5 fl ( 1.5 m) or 
le.,, Ill homogeneous ,trata with test and ,ampltng location, ,ti 
evef) change of <,trara. Record the depth of dnll1ng to the 
neare,t 0. I ft (0.030 ml. 

6.2 An> <lnlhng procedure that prO\ 1de, a ,uitably clean 
and ,table borehole before m,ertion of the ,ampler and a,,ure, 
that the penetration te,1 "performed on e,M:ntrnlly undisturbed 
soil ,hall be acceptable. Each of the followmg prcx:e<lure, has 
pro,·en 10 be accept,1ble for some subsurface cond11tons. The 
subsurface conditions an1tc1pated should be con,1dered when 
selectmg the dri lling method 10 be used 

6.2.1 Open-hole rotaf) drilling method 
6.2.2 Contmuou, fl ight hollow-,tem auger method. 
6.2.3 Wash boring method. 
6.2.-l Continuou, flight snlid auger method 
6.3 Several dnllmg method, produce unacceptable bore­

hole,. The procc.,., of JCL11ng through an open tube ,ampler and 

l~l1en'IOon. VA!a960'58008 l.lsen~ t .. 
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FIG. 3 Schematic Drawing of the Donut Hammer and Safety 
Hammer 

then ,ampling when the de,ired depth 1, reached shall not be 
permuted. The con11nuous flight solid auger method ,hall not 
tic u,cd for advanc111g the borehole belO\" a water table or 
bdo,, the upper confi ning bed of J confined non-cohesi,e 
,tratum that 1, under anes1an pressure. Casmg may not be 
advanced below the samphng elevauon prior to ,amphng. 
Ad,ancing a borehole wnh bottom dt<,charge bth 1, not 
permissible. It 1, not penrn,sible to advance the borehole for 
,ub,equent 1n,ertwn of the sampler ,olely by me,111, of 
previous ,ampltng \\Ith the SPT ,ampler. 

h.4 The drilling fluid level \\llhm the borehole or hollow­
,tem ,uigcr, ,hall he maintained at or above the 111 ,itu 
groundwater level at all time, during drilling. removal of dnll 
rll\h. and .... unpltng. 

7. Sampling and Testing Procedure 

7. I After the borehole ha, been advanced to the desired 
sampling e levation and excessive cutt111gs have been removed. 
record the cleanout depth to the nearest 0 .1 ft (0.030 m), and 
prepare for the test with the following ,equer11.:e of opera11om,: 

7 I. I Auach enher ,pin-barrel ,ampler T:-,pe A or B to the 
,ampling ro<h and lowei into the borehole Do nm allo"' the 
,ampler to drop onto the ,ml to be <,amph:d. 

7. 1 2 Pos111on the hammer above and attach the anvil to the 
top of the ,amphng rods. T his ma} be done before tht! ,ampling 
rt1<.h aJ1d sampler are lowered into the borehole. 

7.1.3 Re" the dead weight of the ,ampler. rods. ann l. and 
dme weight on the bottom ol the borehole. Record the 
,ampling start depth to the neare,t 0 . 1 ft (0 030 m) Compare 

Ccv.---lQ"IIA$n'ln~ 
P'flOYl(leO oy IHS ~~" ti'\ ASW 
No ,ec,rodudlOn or ~ perrnrtled wlt,ool jQ>f\8a ll'Oftl IH S 

~ 

the sampl ing ,tan depth to the cle~mout depth m I. If 
exce,,i,e cuuings are encountered at the bottom ol the 
borehole. remove the ,ampler and .,ampling rods from the 
borehole and remove the cuttings. 

7 .1 .4 :vtark the drill rods in three successive 0.5-foot C0.15 
m) increments so that the ad,ance ol the sampler under the 
impact of the hammer can be easily observed tor em:h 0.5-foor 
(0. I 'l m) increment. 

7 2 Dnve the ,ampler with blows from the I 40-lbf {623-'\ J 
hammer and rnunt the number of blows ,1pphed m ealh 
05-fom (0 15-m) mcrement unul one: of the lollowmg occur-.: 

7 2.1 A total o l 50 blm\\ ha,e been applted d unng any ont· 
of the three O 'Hnot (0 15-m) mcrerne111, de,cnbed m 7 I -1. 

7 :!.:?. A total ol I 00 blows ha,·e been applied . 

7.2.3 There is no ob,erved ad, ance of the ,ampler dunng 
the application of 10 suc:ccssi,e blows of the hammer 

72.4 The ,ampler i'> advanced the complete 15 ft. (0.--15 1111 
without the ltm1tmg blow counts occurring a, descnbed rn 
7.. . . or 

7 2. 'l If the sampler ,inks under the weight o f the hammer. 
weight o f rod,. or both, record the length of travel to the 
neare,t 0. 1 ft (0.030 m). and dnve the ,ampler through the 
remainder of the test interval. H the s.1mpler ,inh the complete 
interval. \ top the penetration. remove the ,ampler and ,ampling 
rod, from the borehole. and advance the boreho le through the 
very ,oft or very loose matenals to the next desired ,ampling 
elevation. Record the N-value a, enht!r weight o f hammer. 
"eight of rod,, or both. 

l.~Hemaon. VA/59604SB008 . lJMr-rCartltf, UN 
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FIG. 4 Automatic Trip Hammer 

7 3 Record the number of blo\\, (.Vl required to athance the 
,Jmpler each 0.5-foot (0.15 ml of penetration or fraction 
thereof The fiN 0.5-foot (0.15 ml t, considered to be a ,eaung 
drhe. The ,um of the number of blows required for the second 
and third 0.5-foot (0. 15 m) of penetration is termed the 
··standard penetration res1,1ance:· or the ··N-\alue:· LI the 
,urn pier is dri, en less than 1.5 ft (0.45 m ), as permitted in 
~ 2 I. . or . the number of bill\\, per each complete 
0.5-fom (0 15 m, increment and per each parual increment 
,hall ht: recorded on the honng log. For p,111tal 1m:rements. the 
depth of pen,mat1on ,hall be reported to the nearest 0.1 ft 
(0.030 1111 m add1t1on to the number ol blow, JI the ,ampler 
ad,ances belo\\ the houom ol the borehole under the stattc 
,,eight nl the drill rods or the weight of the drill rod, plu'i the 
,tatic v.eight of the hammer. th1, mformat1on should be noted 
on the boring log. 

7.-t The raising and dropping of the 140-lbf (623-N) ham­
mer ,hall be accomplished using either of the following two 
meth<xb. Energ> delivered to tht! dnll rod h) c11ha method can 
he measured according to proct!dure, in Test Method [) lf , . 

7.4.1 Me1/10d A-By using a tnp. au1oma11c. or semt­
automatic hammer drop '>)"'>Lem that lifts the 140-lbf {623-N) 
hammer and allows it to drop 30 ::: 1.0 in. (0.76 m :: 0.030 m) 
with limited ummpedence. Drop heighh adjustments for auto­
matic and trip hammers should be checked datly and at liN 
indica11on ot \ariations in performance Opera11on of automatic 
hammer, ,hall be 10 ,trict .ic<.:ordance ,,uh operations manual\. 

Copyright A.Sfl.l 1rwn.tona1 
PfovlQ9d try .. S unoer lcllnN,... .M ASTM 
No raprc,cu-J,on o, W-11'11"'19 W"ftlilld •1houl k:enH from tHS 

7.4.2 .\luhml B- 8) U!>mg a cathead to pull a rope attat.:hed 
to the hammer When the cathcad and rnpc method 1s used the 
\y,tem and operation shall conform to the followmg: 

7 .-t2. I The cat head ,;hall be e~sentially free of ru,t, oil. tlr 

grease and haw a d1a1m:ter 111 the range of 6 to IO 111 ( 150 to 

250 mm). 
7 A 2.2 The cathead ,hould he opernted at a 1111111mum ,peed 

of rotation ut I 00 RP~! 
7.4.2.3 The operator should generally use either 1-3/4 or 

'.!- I /4 rope tum, on the cathead. dependmg upon whether or not 
the rope come, oil the top (1-1/4 turn, for countercluck"" l',e 
rotatton) or the bottom (2-1/-t turns tor cltx:kwi,e mtatton) ot 
the cathead during the perfonnance of the pcnetra11un test. as 
sho\\n in r !- I. It 1, generall)- kOO\\O and accepted that 2-3/-t 
or more rope turns cons1derabl) impede~ the fall of the hammer 
and ~hould not be used to perform the test. The cathead rope 
~hould be stiff, relattvel) di). clean. and should be replai:ed 
when it becomes excess1vel) fra)ed. OJI). ltmp, or burned. 

7.4.2.4 For each hammer him,. a 30 :':: 1.0 in. (0.76 m :':: 
0.030 m) ltft and drop sha.11 be employed h) the operator. The 
operatton of pulltng and throwing the rope shall be performed 
rhythmically without holding the rope at the top of the stroke. 

\In,. 4-lf the hammer drop height i, something other 1han •0 - 1.0 
in ro.71> m - () mo m). then record 1hc new drop height !·or ,u,J, other 
1han ,and,. there i, nn l..nown dala or re,carc h lhat rcl:uc, 11, ad1li-llnl! the 
;V-value obtained from diflc:rent drop hcl)!hl\ Tc,1 method I> I(, i 
prm·idc, 1nforma111111 on mul..mg cncriD mca,urcmcnl for , .1nahk Jrop 

LJcanaeestterncton V~"59MMS8008 l..J:Mr=:Cat1er Lu 
NQ!lto,R..._., (.C 11'2008080812 t.'OT 



0 D 1586-08 

height, ;and Pracli": I) llllii6 pnwi,.k, inl(lrma11on on adju,1mcn1 ol 
X ,alU1.- II> J ~t•11'1ant energy level (60 'if of 1hcnrcllu1l. \1601. Pra,llcc 

l ,,11<11 .11lm,, 1hc ha11111u:r drop hcigh1 11, he ad1u,1cd 10 provtdc 60 % 

CllCI[!} 

7.5 Bnng the ,ampler 10 the ,urtace and open. Record the 
percent recm er) to the nearest I '7c or Ihe leng:Lh of ~ample 
recovered w 1he nearest 0.01 fl (5 mm). Clas,ify the ,oil 
,amples recovered as to. in accordance with Prac11ce D 21. . 
then place one or more representati, e portions of the ,ample 
into ,eal;1ble moi•aure pr04."II comamer. (Jar,l without rammmg 
or dbtorting any apparent ,1ratilication. Seal each co111a111er Ill 

prevcnt e,;ipora11on of ,oil m01-.ture. Affix labels lCl the 
com,11ner, hearing Job de"gnauon. honng numher, sample 
depth. and the blow coulll p,!r 05 foot (0 15-m) increment. 
Protect the: ,ample:-. agam,t c:xtreme temperature changes. II 
there " a ,011 change wnhin the sampler. make a Jar for each 
stratum and note its location in the ,ampler ban-el. Sample, 
,hould be prc:sened and tran,ported m accordance with Prac­
tice " •P u,mg Group B. 

8. Data Sheetts)/Form(s) 

8.1 Data ob1amed 111 eaLh borehole ,hall be recorded m 
accordance Mth the Sub,urface Logging Guide I) ..., ~ as 
required h) the: exploration program. An e.,ample of a sample 
data sheet 1~ mcluded m \1 , 1\ XI. 

l:i.2 Dnlhng informatton ,hall be recorded tn the field and 
,hall mclude t.he fo llowmg: 

8.'.?. I \Jame and loca11on of job. 
8.2 2 1\James of crev., 
8.2 ~ T~ ~ and mat..e of drilling machine. 
l-1 . '.?.4 ~cat her contl111on,. 
l:i.2.5 Date and lime of ,tart and tin"h of borehole. 
8. '.?.6 Boring number and locallon (,tat ion and coordinate!>, 

1f avallahlc and applicable). 
8.2.7 Surface elevation. 1f a, ailable. 
8.2. ~ Method of ad\ancmg and cleaning the borehole. 
!i.2.9 \lethod of t..eeping borehole open. 
8.2 10 Depth of water ,urface to the neare,t 0.1 ft (0.030 m) 

and dnlhng tlepth 10 the nearest 0.1 ft (0.010 m) at the ttme of 
a noted los, of dnlhng llu1d. and time and date when reading 
or notatton was matle. 

8.2.11 Location of ,1rata change,. to the nearest 0.5 ft ( 15 
cmJ. 

8.2.1 '.? S11c of casing. depth of ca ... ed portion of bort::hole to 
the neare,1 0 I ft (0.030 111 ). 

Cop~"5TM l~I 
Piv.ided by IHS ~l'MW ...... • t~ ASTM 
No ,eproo..clOl'I or~ pe,,ni"td w,thOl,;t license from IHS 

"1 

8.2.13 Equipment and Method A or B of dri ving ,ampler. 
8.2.14 Sampler length and in,ide diameter of harrel. and ii 

a ,ample basket retainer 1s used. 
8 2 IS S11e. typt:. and section length of the ,amphng nxt.... 

and 
8 2.16 Remark,. 
8.3 Data obtained for each -.ample ,hall he recorded in the 

tidtl and shall mclude the following: 
8.3.1 Top of ,ample depth tn the nearc:,t 0.1 ft (0.030 ml 

and. if ut1h1ed. the ,ample number. 
S.3.2 Dc,cripuon 1lf soil. 
8.3 1 Str.H,l chan)!es v. ithin ,ample. 
8 34 Sampler penetration and recmery lengths to the near­

est 0.1 ft (0.010 m). anti 
!U.5 1\umher of blows f)l!f OS foot C0.015 m) or partial 

increment. 

9. Precision and Bias 

9 I Prccmm,-Test data on prec1,1on t!. 1101 prc:,ented due 
to the nature of th!' test method It 1s e11her nnt feasible or wo 
Clhtly at thl' time to ha\'e ten or more agencies participate Ill 

an in ,itu 1e,1111g program at a gi\en ,ite. 
9.1.1 The Subcommittee 18.02 i, seeking additional dat,1 

from the u,cr, of thl' test method that might be w,ed to mat..e 
a limited statement on precision. Present t..nowledge indicate, 
the tollowmg: 

9.1.1 .1 Vanauons tn \-\'alue, of I 00 q or more ha, e been 
observed when using different ,tandard penetration test appa­
ratu-. and dri ller, for ad1acent boreholes m the ,ame -.oil 
formauon Cun-ent op1mon. ba\ed on field experience. indi­
cate, that when u,,ng the -.ame apparatu, and driller. ,\ '-rnlue, 
in the same ,oil c.m he reprodul·ed ,, ith a coctfinent nf 
, ·ariation nt about IO ,,, . 

9.1.1.2 The u,e ot fault) equipment. ,uch a\ an extreme)~ 
massi,e or damaged anvil. a ru--,t} cathe,1d. a low speed 
cathead. nn old, oil> rope. or ma,s1ve or poorly lubricated rope 
sheaves can s1gnihcantl) contribute to differences 111 N-\alues 
obtatnetl between operator-drill rig sy,tems. 

9.'.? /Jws-There 1s no .iccepte-0 reference value for this te,t 
method. therefore. bias cannot be determined. 

JO. KeJ"ords 

I 0.1 blow count: 111-\ltu test; penetrnllon resistance: ,oil: 
split-barrel ,amphng. ,tandard penetrntion test 

~- V/V59CI04S8008. ~, Liu 
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DRILLERS BORING LOG 
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FIG. 5 Example Data Sheet 
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Slll\JI\IARY OF CHANGES 

Committee D 18 ha-, identified the locauon of selt.-cted change, tll till', ,t:rndard ,mce the la,t 1,,ue 
(0 1586 99) that ma~ impact the u,e ol tlw; ,tamlard (Approved l'ebruar) I. '.!008.) 

t I l There ha,e been numerou, change, to th!\ standard lll hst 
them separ.,t..:f). From the 1110,t recent main ballot proce". 
additional changes were requested and im:orporated 11110 thi, 
newe,t rev1'!0n. Stated below 1, a highlight of ,ome of the 
change, 

1-IJ Terminology added ,ecuon on Defin111on,. 
(5) S1gmficance and lJ.,e· clarified u,c ol the SPT te,t 
(6) Apparatus. general ediwrial change,. 
( 7) Sampling and Testing Procedure· general t:dnonal 
changes. 

(2J \cnpe \\,Is completely re\'lsed. 18) Data Sheeh/Fonm,. general editorial changt:s 
(;, Rderenced Document, updated Hl include new ,wndard,. (9) Prec1'1on ,rnd Bias. added Sections 9 I and I I I ' 

c-,,...ASTMI-

ASTM International ta,es no pos,t,on respecllng the validity of any parent nghls asserted 1n connect,on w,th any ,,tem menI1oned 
m lhIs standard Users of this standard are e1<pressly advised that determ1nar10n of the validity of any such patent nghrs and the nsk 
of ,nfnngement of such ngnts. are entirety their own respons,b,t,ty 

This standard ,s subject to revis,on at any ume by the respons,/Jle techn,ca/ commmee and must be reviewed every twe years and 
rf not revised, e,ther reapproved or ,vithdrawn Your comments are ,nv,ted either tor revision of this standard or for add111onal standards 
and should be addressed to ASTM Jntemat,onal Headquarters. Your comments w,/1 receive careful consideration at a meetmg of the 
responsible technical committee. which you may attend. If you feel that your comments have nor rece,ved a fa,r hear,ng you should 
make your v,ews known ro the ASTM Committee on Srandards. at the address shown below 

This standard 1s copyngnted by ASTM tnremar,onal, 100 Barr Harbor Dnve. PO Box C700. West Conshol>Oclcen PA 19428-2959. 
Un,ted States /nd,v,duar ,epnnrs /single or mu/1,ple copies/ ol m,s standard may be 01:Jra,ned l:Jy contacting ASTM at rne above 
address or ar 6 t0-832-9585 /pllone). 610-832-9555 /lax/, or service@asrm.org /e-mail): or tnrough me ASTM website 
1www asIm org/ 

l'l 
Pn,v,dec Dy IHS und9r ~ w,tt, ASTM 
N,)t~Ot~ .-,n,11,dwill'IOul ~H from tfS 
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Table l 
EXAMPLE SOIL DESCRIPTIONS 

POORLY GRADED SAND (SP), light brown, moist, loose, fine sand size 

FAT CLAY (CH), dark gray, moist, stiff 

Sll..T (ML), light greenish gray, wet, very loose, some mica, lacustrine 

WELL-GRADED SAND WITH GRAVEL (SM), reddish brown, moist, dense, subangular 
gravel to ·0.6 inches max 

POOR,LY GRADED SAND WITH Sll..T (SP-SM), white, wet, medium dense 

ORGANIC SOIL WITH SAND (OH), dark brown to black, wet, firm to stiff but spongy 

undisturbed, becomes soft and sticky when remolded, many fine roots, trace of mica 

SILTY GRAVEL WITH SAND (GM), brownish red, moist, very dense, subrounded gravel to 
1.2 inches max 

IN1ERLAYERED SILT (60 percent) AND CLAY (40 percent): SILT WITH SAND (ML), 

medium greenish gray, nonplastic, sudden reaction to shaking, layers mostly 1.5 to 8.3 inches 
thick; LEAN CLAY (CL), dark gray, finn and brittle undisturbed, becomes very soft and sticky 

when remolded, layers 0.2 to 1.2 inches thick 

SIL TY SAND WITH GRAVEL (SM), light yellowish brown, moist, medium dense, weak gravel 

to 1.0 inches max, very few small particles of coal, fill 

SANDY ELASTIC SILT (MH), very light gray to white, wet, stiff, weak calcareous cementation 

LEAN CL.A Y WITH SAND (Cl..JMH), dark brownish gray, moist, stiff 

WELI.rGRADED GRAVEL WITH SILT (GW-GM), brown, moist, very dense, rounded gravel 

to 1.0 inches max 

SF032tUI0.50 



Description 

Dry 
Moist 
Wet 

Blows/Ft 

0-4 

5-10 

11-30 

31-50 

>50 

Blows/Ft 

<2 

2-4 

5-8 

9-15 

16-30 

>30 

Table 2 
CRITERIA FOR DESCRIBING MOISTURE CONDffiON 

Criteria 

Absence of moisture, dusty, dry to the touch 
Damp, but no visible water 
Visible free water, usually soil is below water table 

Table 3 
RELATIVE DENSilY OF COARSE-GRAINED SOIL 

(Developed from Sowers, 1979) 

Relative 
Density Field Test 

Very loose Easily penetrated with ½-in. steel rod pushed 
by band 

Loose Easily penetrated with ½-in. steel rod pushed 
by band 

Medium Easily penetrated with ½-in. steel rod driven 
with 5-lb hammer 

Dense Penetrated a foot with ½-in. steel rod driven 
with 5-lb hammer 

Very dense Penetrated only a few inches with ½-in. steel 
rod driven with 5-lb hammer 

Table 4 
CONSISTENCY OF FINE-GRAINED SOIL 

(Developed from Sowers, 1979) 

Pocket 
Penetrometer Torvane 

Consistency (TSF) (TSF) Field Test 

Very soft <0.25 <0.12 Easily penetrated several inches 
by fist 

Soft 0.25-0.50 0.12-0.25 Easily penetrated several inches 
by thumb 

Finn 0.50-1.0 0.25-0.5 Can be penetrated several inches 
by thumb with moderate effort 

Stiff 1.0-2.0 0.5-1.0 Readily indented by thumb,· but 
penetrated only with great e(fort . 

Very stiff 20-4.b 1.0-2.0 Reaclil¥ indented by thumbnail 

Hard >4.0 >2.0 Indented with difficulty by 
thumbnail 
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STANDARD OPERATING PROCEDURE

Decontamination of Personnel and Equipment

I. Purpose
To provide general guidelines for the decontamination of personnel, sampling
equipment, and monitoring equipment used in potentially contaminated
environments.

II. Scope
This is a general description of decontamination procedures.

III. Equipment and Materials
Demonstrated analyte-free, deionized (“DI”) water (specifically, ASTM Type
II water or lab-grade DI water)

Potable water; must be from a municipal water supplier, otherwise an
analysis must be run for appropriate volatile and semivolatile organic
compounds and inorganic chemicals (e.g., Target Compound List and Target
Analyte List chemicals)

2.5% (W/W) Liquinox and water solution

Concentrated (V/V) pesticide grade isopropanol (DO NOT USE ACETONE)

Large plastic pails or tubs for Liquinox and water, scrub brushes, squirt
bottles for Liquinox solution, methanol and water, plastic bags and sheets

DOT approved 55-gallon drum for disposal of waste

Personal Protective Equipment as specified by the Health and Safety Plan

Decontamination pad and steam cleaner/high pressure cleaner for large
equipment

IV. Procedures and Guidelines
A. PERSONNEL DECONTAMINATION

To be performed after completion of tasks whenever potential for
contamination exists, and upon leaving the exclusion zone.
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1. Wash boots in Liquinox solution, then rinse with water.  If
disposable latex booties are worn over boots in the work area, rinse
with Liquinox solution, remove, and discard into DOT-approved
55-gallon drum.

2. Wash outer gloves in Liquinox solution, rinse, remove, and discard
into DOT-approved 55-gallon drum.

3. Remove disposable coveralls (“Tyveks”) and discard into DOT-
approved 55-gallon drum.

4. Remove respirator (if worn).

5. Remove inner gloves and discard.

6. At the end of the work day, shower entire body, including hair, either
at the work site or at home.

7. Sanitize respirator if worn.

B. SAMPLING EQUIPMENT DECONTAMINATION—GROUNDWATER
SAMPLING PUMPS

Sampling pumps are decontaminated after each use as follows.

1. Don phthalate-free gloves.

2. Spread plastic on the ground to keep equipment from touching the
ground

3. Turn off pump after sampling. Remove pump from well and remove
and dispose of tubing.  Place pump in decontamination tube.

4. Turn pump back on and pump 1 gallon of Liquinox solution
through the sampling pump.

5. Rinse with 1 gallon of 10% isopropanol solution pumped through the
pump. (DO NOT USE ACETONE). (Optional)

6. Rinse with 1 gallon of tap water. (deionized water may be substituted
for tap water)

7. Rinse with 1 gallon of deionized water.

8. Keep decontaminated pump in decontamination tube or remove and
wrap in aluminum foil or clean plastic sheeting.

9. Collect all rinsate and dispose of in a DOT-approved 55-gallon drum.

10. Decontamination materials (e.g., plastic sheeting, tubing, etc.) that
have come in contact with used decontamination fluids or sampling
equipment will be disposed of in either DOT-approved 55-gallon
drums or with solid waste in garbage bags, dependent on
Facility/project requirements.
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C. SAMPLING EQUIPMENT DECONTAMINATION—OTHER EQUIPMENT

Reusable sampling equipment is decontaminated after each use as follows.

1. Don phthalate-free gloves.

2. Before entering the potentially contaminated zone, wrap soil contact
points in aluminum foil (shiny side out).

3. Rinse and scrub with potable water.

4. Wash all equipment surfaces that contacted the potentially
contaminated soil/water with Liquinox solution.

5. Rinse with potable water.

6. Rinse with distilled or potable water and isopropanol solution (DO
NOT USE ACETONE). (Optional)

7. Air dry.

8. Rinse with deionized water.

9. Completely air dry and wrap exposed areas with aluminum foil
(shiny side out) for transport and handling if equipment will not be
used immediately.

10. Collect all rinsate and dispose of in a DOT-approved 55-gallon drum.

11. Decontamination materials (e.g., plastic sheeting, tubing, etc.) that
have come in contact with used decontamination fluids or sampling
equipment will be disposed of in DOT-approved 55-gallon drums or
with solid waste in garbage bags, dependent on Facility/project
requirements.

D. HEALTH AND SAFETY MONITORING EQUIPMENT
DECONTAMINATION

1. Before use, wrap soil contact points in plastic to reduce need for
subsequent cleaning.

2. Wipe all surfaces that had possible contact with contaminated
materials with a paper towel wet with Liquinox solution, then a
towel wet with methanol solution, and finally three times with a
towel wet with distilled water.  Dispose of all used paper towels in a
DOT-approved 55-gallon drum or with solid waste in garbage bags,
dependent on Facility/project requirements.
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E. SAMPLE CONTAINER DECONTAMINATION

The outsides of sample bottles or containers filled in the field may need to be
decontaminated before being packed for shipment or handled by personnel
without hand protection.  The procedure is:

1. Wipe container with a paper towel dampened with Liquinox
solution or immerse in the solution AFTER THE CONTAINERS
HAVE BEEN SEALED.  Repeat the above steps using potable water.

2. Dispose of all used paper towels in a DOT-approved 55-gallon drum
or with solid waste in garbage bags, dependent on Facility/project
requirements.

F. HEAVY EQUIPMENT AND TOOLS

Heavy equipment such as drilling rigs, drilling rods/tools, and the backhoe
will be decontaminated upon arrival at the site and between locations as
follows:

1. Set up a decontamination pad in area designated by the Facility

2. Steam clean heavy equipment until no visible signs of dirt are
observed.  This may require wire or stiff brushes to dislodge dirt from
some areas.

V. Attachments
None.

VI. Key Checks and Items
Clean with solutions of Liquinox , Liquinox solution (optional), and
distilled water.
Do not use acetone for decontamination.
Drum all contaminated rinsate and materials.
Decontaminate filled sample bottles before relinquishing them to anyone.
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STANDARD OPERATING PROCEDURE

Preparing Field Log Books

I. Purpose
This SOP provides general guidelines for entering field data into log books during
site investigation and remediation activities.

II. Scope
This is a general description of data requirements and format for field log books.
Log books are needed to properly document all field activities in support of data
evaluation and possible legal activities.

III. Equipment and Materials
Log book

Indelible pen

IV. Procedures and Guidelines
Properly completed field log books are a requirement for all of the work we perform
under the Navy CLEAN contract.  Log books are legal documents and, as such, must
be prepared following specific procedures and must contain required information to
ensure their integrity and legitimacy. This SOP describes the basic requirements for
field log book entries.

A. PROCEDURES FOR COMPLETING FIELD LOG BOOKS

1. Field notes commonly are kept in bound, hard-cover logbooks used
by surveyors and produced, for example, by Peninsular Publishing
Company and Sesco, Inc. Pages should be water resistant and notes
should be taken only with water-proof, non-erasable permanent ink,
such as that provided in Rite in the Rain or Sanford Sharpie
permanent markers. Note: for sites where PFC is being analyzed for,
Rite-in-the-Rain , Sanford Sharpie , or anything water-resistant or
with Teflon cannot be used in the field.  All field book materials
must be “fluorine free”. Acceptable substitutes would be a sewn
notebook without a plastic cover, or loose-leaf notebook paper.

2. On the inside cover of the log book the following information should
be included:
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Company name and address

Log-holders name if log book was assigned specifically to that
person

Activity or location

Project name

Project manager’s name

Phone numbers of the company, supervisors, emergency
response, etc.

3. All lines of all pages should be used to prevent later additions of text,
which could later be questioned. Any line not used should be marked
through with a line and initialed and dated. Any pages not used
should be marked through with a line, the author’s initials, the date,
and the note “Intentionally Left Blank.”

4. If errors are made in the log book, cross a single line through the error
and enter the correct information. All corrections shall be initialed
and dated by the personnel performing the correction. If possible, all
corrections should be made by the individual who made the error.

5. Daily entries will be made chronologically.

6. Information will be recorded directly in the field log book during the
work activity.  Information will not be written on a separate sheet and
then later transcribed into the log book.

7. Each page of the log book will have the date of the work and the note
takers initials.

8. The final page of each day’s notes will include the note-takers
signature as well as the date.

9. Only information relevant to the subject project will be added to the
log book.

10. The field notes will be copied and the copies sent to the Project
Manager or designee in a timely manner (at least by the end of each
week of work being performed).

B. INFORMATION TO BE INCLUDED IN FIELD LOG BOOKS

1. Entries into the log book should be as detailed and descriptive as
possible so that a particular situation can be recalled without reliance
on the collector’s memory.  Entries must be legible and complete.

2. General project information will be recorded at the beginning of each
field project.  This will include the project title, the project number,
and project staff.

CH2M-9000-FZ12-0013, JUNE 2019



Field Books
QC and Reviewed 10/2018 3

3. Scope: Describe the general scope of work to be performed each day.

4. Weather: Record the weather conditions and any significant changes
in the weather during the day.

5. Tail Gate Safety Meetings: Record time and location of meeting, who
was present, topics discussed, issues/problems/concerns identified,
and corrective actions or adjustments made to address concerns/
problems, and other pertinent information.

6. Standard Health and Safety Procedures: Record level of personal
protection being used (e.g., level D PPE), record air monitoring data
on a regular basis and note where data were recording (e.g., reading
in borehole, reading in breathing zone, etc).  Also record other
required health and safety procedures as specified in the project
specific health and safety plan.

7. Instrument Calibration; Record calibration information for each piece
of health and safety and field equipment.

8. Personnel: Record names of all personnel present during field
activities and list their roles and their affiliation.  Record when
personnel and visitors enter and leave a project site and their level of
personal protection.

9. Communications: Record communications with project manager,
subcontractors, regulators, facility personnel, and others that impact
performance of the project.

10. Time: Keep a running time log explaining field activities as they occur
chronologically throughout the day.

11. Deviations from the Work Plan: Record any deviations from the work
plan and document why these were required and any
communications authorizing these deviations.

12. Heath and Safety Incidents: Record any health and safety incidents
and immediately report any incidents to the Project Manager.

13. Subcontractor Information: Record name of company, record names
and roles of subcontractor personnel, list type of equipment being
used and general scope of work.  List times of starting and stopping
work and quantities of consumable equipment used if it is to be billed
to the project.

14. Problems and Corrective Actions: Clearly describe any problems
encountered during the field work and the corrective actions taken to
address these problems.

15. Technical and Project Information: Describe the details of the work
being performed. The technical information recorded will vary
significantly between projects.  The project work plan will describe
the specific activities to be performed and may also list requirements
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for note taking.  Discuss note-taking expectations with the Project
Manager prior to beginning the field work.

16. Any conditions that might adversely affect the work or any data
obtained (e.g., nearby construction that might have introduced
excessive amounts of dust into the air).

17. Sampling Information; Specific information that will be relevant to
most sampling jobs includes the following:

Description of the general sampling area – site name,
buildings and streets in the area, etc.
Station/Location identifier
Description of the sample location – estimate location in
comparison to two fixed points – draw a diagram in the field
log book indicating sample location relative to these fixed
points – include distances in feet.
Sample matrix and type
Sample date and time
Sample identifier
Draw a box around the sample ID so that it stands out in the
field notes
Information on how the sample was collected – distinguish
between “grab,” “composite,” and “discrete” samples
Number and type of sample containers collected
Record of any field measurements taken (i.e. pH, turbidity,
dissolved oxygen, and temperature, and conductivity)
Parameters to be analyzed for, if appropriate
Descriptions of soil samples and drilling cuttings can be
entered in depth sequence, along with PID readings and other
observations. Include any unusual appearances of the
samples.

C. SUGGESTED FORMAT FOR RECORDING FIELD DATA

1. Use the left side border to record times and the remainder of the page
to record information (see attached example).

2. Use tables to record sampling information and field data from
multiple samples.

3. Sketch sampling locations and other pertinent information.

4. Sketch well construction diagrams.

V. Attachments
Example field notes.
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STANDARD OPERATING PROCEDURE

Chain-of-Custody

I Purpose
The purpose of this SOP is to provide information on chain-of-custody procedures to
be used under the CLEAN Program.

II Scope
This procedure describes the steps necessary for transferring samples through the
use of Chain-of-Custody Records.  A Chain-of-Custody Record is required, without
exception, for the tracking and recording of samples collected for on-site or off-site
analysis (chemical or geotechnical) during program activities (except wellhead
samples taken for measurement of field parameters).  Use of the Chain-of-Custody
Record Form creates an accurate written record that can be used to trace the
possession and handling of the sample from the moment of its collection through
analysis.  This procedure identifies the necessary custody records and describes their
completion.  This procedure does not take precedence over region specific or site-
specific requirements for chain-of-custody.

III Definitions
Chain-of-Custody Record Form - A Chain-of-Custody Record Form is a printed two-
part form that accompanies a sample or group of samples as custody of the
sample(s) is transferred from one custodian to another custodian.  One copy of the
form must be retained in the project file.

Custodian - The person responsible for the custody of samples at a particular time,
until custody is transferred to another person (and so documented), who then
becomes custodian.  A sample is under one’s custody if:

It is in one’s actual possession.

It is in one’s view, after being in one’s physical possession.

It was in one’s physical possession and then he/she locked it up to prevent
tampering.

It is in a designated and identified secure area.

Sample - A sample is physical evidence collected from a facility or the environment,
which is representative of conditions at the point and time that it was collected.
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IV. Procedures
The term “chain-of-custody” refers to procedures which ensure that evidence
presented in a court of law is valid.  The chain-of-custody procedures track the
evidence from the time and place it is first obtained to the courtroom, as well as
providing security for the evidence as it is moved and/or passed from the custody
of one individual to another.

Chain-of-custody procedures, recordkeeping, and documentation are an important
part of the management control of samples.  Regulatory agencies must be able to
provide the chain-of-possession and custody of any samples that are offered for
evidence, or that form the basis of analytical test results introduced as evidence.
Written procedures must be available and followed whenever evidence samples are
collected, transferred, stored, analyzed, or destroyed.

Sample Identification
The method of identification of a sample depends on the type of measurement or
analysis performed.  When in situ measurements are made, the data are recorded
directly in bound logbooks or other field data records with identifying information.

Information which shall be recorded in the field logbook, when in-situ
measurements or samples for laboratory analysis are collected, includes:

Field Sampler(s),
Contract Task Order (CTO) Number,
Project Sample Number,
Sample location or sampling station number,
Date and time of sample collection and/or measurement,
Field observations,
Equipment used to collect samples and measurements, and
Calibration data for equipment used

Measurements and observations shall be recorded using waterproof ink.

Sample Label
Samples, other than for in situ measurements, are removed and transported from the
sample location to a laboratory or other location for analysis.  Before removal,
however, a sample is often divided into portions, depending upon the analyses to be
performed.  Each portion is preserved in accordance with the Sampling and
Analysis Plan.  Each sample container is identified by a sample label (see
Attachment A).  Sample labels are provided, along with sample containers, by the
analytical laboratory.  The information recorded on the sample label includes:

Project – Name of project site.

Sample Identification - The unique sample number identifying this sample.

Date - A six-digit number indicating the day, month, and year of sample
collection (e.g., 05/21/17).
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Time - A four-digit number indicating the 24-hour time of collection (for
example: 0954 is 9:54 a.m., and 1629 is 4:29 p.m.).

Medium - Water, soil, sediment, sludge, waste, etc.

Sample Type - Grab or composite.

Preservation - Type and quantity of preservation added.

Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other.

Sampled By - Printed name or initials of the sampler.

Remarks - Any pertinent additional information.

The field team should always follow the sample ID system prepared by the Project
Chemist and reviewed by the Project Manager.

Chain-of-Custody Procedures
After collection, separation, identification, and preservation, the sample is
maintained under chain-of-custody procedures until it is in the custody of the
analytical laboratory and has been stored or disposed.

Field Custody Procedures
Samples are collected as described in the site Sampling and Analysis Plan.  Care
must be taken to record precisely the sample location and to ensure that the
sample number on the label matches the Chain-of-Custody Record exactly.

A Chain-of-Custody Record will be prepared for each individual cooler shipped
and will include only the samples contained within that particular cooler.  The
Chain-of-Custody Record for that cooler will then be sealed in a zip-log bag and
placed in the cooler prior to sealing.  This ensures that the laboratory properly
attributes trip blanks with the correct cooler and allows for easier tracking
should a cooler become lost during transit.

The person undertaking the actual sampling in the field is responsible for the
care and custody of the samples collected until they are properly transferred or
dispatched.

When photographs are taken of the sampling as part of the documentation
procedure, the name of the photographer, date, time, site location, and site
description are entered sequentially in the site logbook as photos are taken.
Once downloaded to the server or developed, the electronic files or
photographic prints shall be serially numbered, corresponding to the logbook
descriptions; photographic prints will be stored in the project files. To identify
sample locations in photographs, an easily read sign with the appropriate
sample location number should be included.

Sample labels shall be completed for each sample, using waterproof ink unless
prohibited by weather conditions (e.g., a logbook notation would explain that a
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pencil was used to fill out the sample label if the pen would not function in
freezing weather.)

Transfer of Custody and Shipment
Samples are accompanied by a Chain-of-Custody Record Form. A Chain-of-
Custody Record Form must be completed for each cooler and should include only
the samples contained within that cooler. A Chain-of-Custody Record Form
example is shown in Attachment B.  When transferring the possession of samples,
the individuals relinquishing and receiving will sign, date, and note the time on the
Record.  This Record documents sample custody transfer from the sampler, often
through another person, to the analyst in the laboratory.  The Chain-of-Custody
Record is filled out as given below:

Enter header information (CTO number, samplers, and project name).

Enter sample specific information (sample number, media, sample analysis
required and analytical method grab or composite, number and type of sample
containers, and date/time sample was collected).

Sign, date, and enter the time under “Relinquished by” entry.

Have the person receiving the sample sign the “Received by” entry.  If shipping
samples by a common carrier, print the carrier to be used and enter the airbill
number under “Remarks,” in the bottom right corner;

Place the original (top, signed copy) of the Chain-of-Custody Record Form in a
plastic zipper-type bag or other appropriate sample-shipping package.  Retain
the copy with field records.

Sign and date the custody seal, a 1-inch by 3-inch white paper label with black
lettering and an adhesive backing.  Attachment C is an example of a custody
seal.  The custody seal is part of the chain-of-custody process and is used to
prevent tampering with samples after they have been collected in the field.
Custody seals shall be provided by the analytical laboratory.

Place the seal across the shipping container opening (front and back) so that it
would be broken if the container were to be opened.

Complete other carrier-required shipping papers.

The custody record is completed using waterproof ink.  Any corrections are made by
drawing a line through and initialing and dating the change, then entering the
correct information.  Erasures are not permitted.

Common carriers will usually not accept responsibility for handling Chain-of-
Custody Record Forms; this necessitates packing the record in the shipping
container (enclosed with other documentation in a plastic zipper-type bag).  As long
as custody forms are sealed inside the shipping container and the custody seals are
intact, commercial carriers are not required to sign the custody form.
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The laboratory representative who accepts the incoming sample shipment signs and
dates the Chain-of-Custody Record, completing the sample transfer process.  It is
then the laboratory’s responsibility to maintain internal logbooks and custody
records throughout sample preparation and analysis.

V Quality Assurance Records
Once samples have been packaged and shipped, the Chain-of-Custody copy and
airbill receipt become part of the quality assurance record.

VI Attachments
A. Sample Label
B. Chain of Custody Form
C. Custody Seal

VII References
USEPA. User’s Guide to the Contract Laboratory Program.  Office of Emergency and
Remedial Response, Washington, D.C. (EPA/540/P-91/002), January 1991.
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Attachment A 

Example Sample Label 



Quality Analytical Laboratories, Inc. 
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Montgomery, Alabama 36116 
PH. (334)271 -2440 
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Attachment B 

Example Chain-of-Custody Record 
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STANDARD OPERATING PROCEDURE

Packaging and Shipping Procedures for Low-
Concentration Samples

I. Purpose and Scope
The purpose of this guideline is to describe the packaging and shipping of low-
concentration samples of various media to a laboratory for analysis.

II. Scope
The guideline only discusses the packaging and shipping of samples that are
anticipated to have low concentrations of chemical constituents.  Whether or not
samples should be classified as low-concentration or otherwise will depend upon
the site history, observation of the samples in the field, odor, and photoionization-
detector readings.

If the site is known to have produced high-concentration samples in the past or the
sampler suspects that high concentrations of contaminants might be present in the
samples, then the sampler should conservatively assume that the samples cannot be
classified as low-concentration.  Samples that are anticipated to have medium to
high concentrations of constituents should be packaged and shipped accordingly.

If warranted, procedures for dangerous-goods shipping may be implemented.
Dangerous goods and hazardous materials pose an unreasonable risk to health,
safety, or property during transportation without special handling. As a result only
employees who are trained under Jacobs Dangerous Goods Shipping course may
ship or transport dangerous goods. Employees should utilize the HAZMAT
ShipRight tool on the Virtual Office and/or contact a designated Jacobs HazMat
advisor with questions.

III. Equipment and Materials
Coolers
Clear tape
Strapping tape
Contractor bags
Absorbent pads or equivalent
Resealable bags
Bubble bags (for glass bottle ware)
Bubble wrap (if needed)
Ice
Chain-of-Custody form (completed)
Custody seals

CH2M-9000-FZ12-0013, JUNE 2019
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IV. Procedures and Guidelines

Low-Concentration Samples
A. Prepare coolers for shipment:

Tape drains shut.

Place mailing label with laboratory address on top of coolers.

Fill bottom of coolers with absorbent pads or similar material.

Place a contractor bag inside the cooler.

B. Affix appropriate adhesive sample labels to each container.  Protect with
clear packing tape.

C. Arrange decontaminated sample containers in groups by sample number.
Consolidate VOC samples into one cooler to minimize the need for trip
blanks. Cross check CoC to ensure all samples are present.

D. Seal each glass sample bottle within a separate bubble bag (VOCs
grouped per sample location).  Sample labels should be visible through
the bag. Whenever possible, group samples per location for all analytes
and place in resealable bags.  Make sure to release as much air as
practicable from the bag before sealing.

E. Arrange sample bottles in coolers so that they do not touch.

F. If ice is required to preserve the samples, cubes should be repackaged in
resealable bags and placed on and around the containers.

G. Fill remaining spaces with bubble wrap if needed.

H. Complete and sign chain-of-custody form (or obtain signature) and
indicate the time and date it was relinquished to Federal Express or the
courier.

J Close lid and latch.

K. Carefully peel custody seals from backings and place intact over lid
openings (right front and left back).  Cover seals with clear packing tape.

L. Tape cooler shut on both ends, making several complete revolutions with
strapping tape. Cover custody seals with clear packing tape to avoid seals
being able to be peeled from the cooler.

M. Relinquish to Federal Express or to a courier arranged with the laboratory.
Scan airbill receipt and CoC and send to the sample documentation
coordinator along with the other documentation.
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Medium- and High-Concentration Samples:
Medium- and high-concentration samples are packaged using the same techniques
used to package low-concentration samples, with potential additional restrictions. If
applicable, the sample handler must refer to instructions associated with the
shipping of dangerous goods for the necessary procedures for shipping by Federal
Express or other overnight carrier. If warranted, procedures for dangerous-goods
shipping may be implemented. Dangerous goods and hazardous materials pose an
unreasonable risk to health, safety, or property during transportation without
special handling. As a result, only employees who are trained under Jacobs
Dangerous Goods Shipping course may ship or transport dangerous goods.
Employees should utilize the HAZMAT ShipRight tool on the Virtual Office and/or
contact a designated Jacobs HazMat advisor with questions.

V. Attachments
None.

VI. Key Checks and Items
Be sure laboratory address is correct on the mailing label
Pack sample bottles carefully, with adequate packaging and without allowing
bottles to touch
Be sure there is adequate ice
Include chain-of-custody form
Include custody seals

CH2M-9000-FZ12-0013, JUNE 2019
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1.0 PURPOSE 
This administrative procedure describes the major elements of the Radiation Protection Program 
for Perma-Fix Environmental Services, Inc. (PESI).  As applicable, this administrative procedure 
references sections in the Radiation Protection Plan and project procedures which describe the 
program in more detail. 

2.0 APPLICABILITY 
These program descriptions apply to personnel who plan, review, supervise, or perform work 
involving radiation protection activities during remediation. 

3.0 REFERENCES 
References are listed in the specific Project Procedures that comprise this Radiation Protection 
Program. 

4.0 DEFINITIONS
Radiation Work Permit (RWP):  A document or series of documents prepared by Radiation 
Protection to inform workers of the radiological and industrial hygiene conditions that exist in 
the work area and the radiological requirements for the job. 

Radioactive Material:  Material activated or contaminated by the operation or remediation of 
the site and byproduct material procured and used to support the operation or remediation. 

Radiological Area: Any area within a Restricted Area which require posting as a Radiation 
Area, Contamination Area, Airborne Radioactivity Area, High Contamination Area, or High 
Radiation Area. 

Restricted Area: An area to which access is limited to protect individuals against undue risks 
from exposure to radiation, radioactive materials, and chemical contaminants.  All posted 
radiological or chemical areas are Restricted Areas. 
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5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

The RSO advises project management on all aspects of Radiation Protection and 
Operational Health Physics. The RSO directs all radiological safety activities on the 
project. The RSO has the authority to suspend operations and / or restrict personnel 
access at the project as a result of nonconformance to this SSHP, or other applicable 
regulations, and when radiological conditions change beyond the scope of an HWP.  The 
RSO is responsible for: 

Implementing and ensuring compliance with RPP’s policies and procedures.

Inspect work activities to ensure operations, including off-normal activities, are 
being conducted according to the facility or project requirements, applicable 
federal regulations, and industry accepted As-Low-As-Reasonably-Achievable 
(ALARA) principles. 

Reviewing and approving work plans, Radiation Work Permits, and RPP 
procedures. 

Trending radiation work performance of project personnel including 
contamination and radiation exposure control. 

Identifying, reviewing, and documenting nonconformance, their causes and 
corrective actions for incidents associated with radiation protection. 

Ensuring an effective ALARA Program including conducting onsite radiation 
safety and health briefings. 

Ensuring documentation of any RPP safety violation. 

Reviewing survey data. 

Conducting briefings concerning radiological work activities. 

Ensuring that radiological records are complete, clear and legible, meet the 
intended purpose, and are regularly transmitted to document control for archive. 

Ensuring Restricted Areas are correctly identified, posted and marked. 

Performing or coordinating regular internal audits of the RPP. 

5.2 Radiation Protection Technicians (RPTs) 
RPTs report directly to the RSO.  RPTs are assigned by the RSO to provide support to 
each major field activity for implementation of RPP requirements.  RPTs provide 
guidance in RPP matters to field personnel.  RPTs have stop-work authority for 
radiological safety matters and activities that could result in an unsafe condition being 
present.  RPTs are responsible for the following: 

Conducting routine and job-specific radiological surveys (i.e., radiation, 
contamination, and airborne radioactivity). 

Establishing radiological postings. 

Implementing the personal protective equipment (PPE) and respiratory 
protection programs for the purpose of keeping radiation exposures ALARA. 
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Maintaining and operating portable Health Physics survey instrumentation used 
in the performance of Radiation Protection (RP) activities. 

Performing unconditional release surveys of material from the restricted area. 

Performing transportation radiological surveys according to applicable U.S. 
Department of Transportation (DOT) regulations. 

Assisting the SSHO with IH&S monitoring and inspections to a level 
commensurate with training and experience. 

5.3 Project Supervisors 
All Project Supervisors are responsible for: 

Ensuring personnel under their direction comply with RPP requirements.  

Providing information on projected work activities to the RPP organization.  

Notifying RP personnel of any radiological problems encountered.  

Ensuring workers are prepared for tasks with tools, equipment and training to 
minimize time spent in radiological areas. 

5.4 Project Radiation Workers 
All Project Radiation Workers and individuals entering radiologically controlled areas 
are responsible for: 

Obeying promptly “stop-work” and “evacuate” orders from RP personnel and the 
SSHO.  

Obeying posted, oral and written radiological control instructions and 
procedures, including instructions on Radiation Work Permits and those in the 
SSHP.  

Immediately reporting lost dosimetry devices to RP personnel.  

Reporting medical radiation treatments to the RSO and supervisor. 

Keeping tack of personal radiation exposure status to ensure that administrative 
dose limits are not exceeded.  

Notifying RP personnel of faulty or alarming radiation protection equipment, 
and unsafe radiological conditions. 

6.0 PREREQUISITES 
None 

7.0 PRECAUTIONS AND LIMITATIONS 
None 

8.0 APPARATUS 
None 

9.0 RECORDS 
None 
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10.0 PROCEDURE 
10.1 Radiation Protection Organization 

1. The RPP Organization will provide appropriate personnel and resources to 
verify and maintain a radiologically safe working environment.  

2. RPP staffing levels will be periodically reviewed to ensure that adequate 
staffing levels are maintained consistent with current and planned remediation 
activities. 

3. The Project RPP Organization will have access to engineering and other 
personnel needed to support the Radiation Protection Program. 

4. The development and control of RPP Project Procedures will be in accordance 
with the following guidelines: 

Clearly defined scope, tasks, applicability, limiting conditions, 
precautions, consideration of special controls, reference to acceptance 
criteria and quality requirements.  

Clearly understood text, using standard grammar, nomenclature and 
punctuation, concise instruction steps in a logical sequence, and 
references.  

Review, approval, issuance, and control of changes and permanent 
revisions.  

10.2 ALARA Program 
All activities involving radiation and radioactive materials shall be conducted in such a 
manner that radiation exposure to workers and the general public are maintained As-
Low-As-Reasonably-Achievable (ALARA), taking into account current technology and 
the economics of radiation exposure reduction in relationship to the benefits of health 
and safety.  ALARA concepts are implemented throughout the entire RPP.  ALARA-
program requirements include: 

1. Administrative controls and procedures endeavor to reduce individual and 
collective radiation exposures ALARA.  Minimizing radiation exposure is 
accomplished by preliminary planning and scheduling, using proven and 
innovative engineering techniques and performing engineering reviews of 
proposed work plan changes. 

2. Worker involvement and acceptance in minimizing radiation exposure is a key 
component of the ALARA Program.  Workers are responsible to incorporate 
ALARA principles into work performance. 

3. Work shall be planned in accordance with ALARA principles, involving input 
from discipline engineers, the project RPP staff and implementing supervisors. 

4. An Embryo-Fetus Protection Program has been established for the Project and 
is specified in RPP-113, “Embryo-Fetus Protection”

10.3 Radiation Protection Audit Program 
1. Internal / External Audits of the Radiation Protection Program should be 

performed, documented, and be of sufficient scope, depth, and frequency to 
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identify and resolve actual or potential performance deficiencies before 
significant quality problems are encountered.   Audit frequency and criteria is 
determined by the RSO and / or SSHO. 

2. The RSO and / or SSHO shall perform an annual review of RPP content and 
implementation as specified in 10 CFR 20.1101(c). 

10.4 External and Internal Dosimetry Program 
Internal and external dosimetry and exposure control requirements are defined in the 
PESI Radiation Protection Plan and includes: 

A discussion of applicable regulatory limits for occupational 
workers and members of the public. 

ALARA goals. 

Monitoring requirements. 

Recordkeeping requirements. 

Reporting requirements for both normal operations and incidents. 

10.5 Radiation Protection Instrumentation Program 
All instrumentation used to measure radiation and radioactive material will be 
maintained in accordance with their respective technical manuals and operating 
procedures This includes establishing criteria and requirements for the operation, 
calibration, response testing, maintenance, inventory and control of radiation protection 
instrumentation and equipment to comply with applicable regulations and conform with 
applicable ANSI standards.  The Instrumentation Program is detailed by specific 
procedures including RP-108, RP-109, and RP-110. 

10.6 Access Control Program 
Access controls to radiological areas will be maintained at all times at the PESI. The 
administrative and physical measures used to control access to Restricted and/or 
Radiological Areas are established procedures RP-101, RP-102, and RP-103 

10.7 Radiation Protection Surveillance Program 
The Radiation Protection Surveillance Program provides for the conduct of radiological 
surveys in all areas controlled for the purpose of radiation and/or radioactivity.  The 
Program encompasses both routine and non-routine surveys to be performed within the 
PESI.  The specific requirements for conducting and documenting radiological surveys at 
the PESI are detailed in procedures RP-104, RP-105, RP-106, and RP-107 

10.8 Radioactive Material Control Program 
  This Program provides guidance and requirements for control of radioactive materials.   
  The  Radioactive Material Control Program includes receipt, inventory, handling, and  
  release of materials.  It also provides for radioactive sealed source control, control  
  of materials entering Restricted Areas and control of contaminated tools and   
  equipment. The requirements of this program are established in RP-111 
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10.9 Respiratory Protection Program 
It is not expected that respirators will be widely used by PESI staff for radiation 
protection purposes at PESI. As such the Respiratory Protection Program will be 
administered by the SSHO in accordance with the PESI Site Safety and Health Plan.  The 
SSHO will consult with the RSO when respiratory protection is required for radiological 
purposes. 

10.10 Radiological Training 
The Radiological Training is required for PESI employees and/or subcontractors who 
perform work near, or in areas controlled for the purpose of radiation and/or radioactive 
materials as defined in Section 8.1 of the PESI Radiation Protection Plan. There are two 
basic levels of training: General Employee Radiation Training for visitors and non-
radiation workers, Radiation Worker Training for workers who access Restricted Areas. 

10.11 Radiation Protection Records 
Radiation Protection Records are routinely developed to document all aspects of the 
Radiation Protection Program.  Records are generated using clear concise text using 
standard grammar and punctuation.  Records are reviewed for adequacy and 
completeness and transmitted to the Document Control organization for long-term 
retention. 
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DATE: May 2014
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______________________________________5/31/14_____
Technical Services Manager                           Date 

______________________________________5/31/14___
Corporate Certified Health Physicist               Date 

1.0 PURPOSE 
The purpose of this procedure is to provide consistent methodology for controlling the access of 
personnel, equipment, and vehicles into radiological areas. 

2.0 APPLICABILITY 
This procedure applies to all Project personnel and visitors, equipment, and vehicles entering 
Restricted Areas. 

3.0 REFERENCES  
1. 10 CFR 19, “Notices, Instructions and Reports to Workers Inspection.” 

2. 10 CFR 20, “Standards for Protection Against Radiation.” 

3. Perma-Fix Environmental Services  (PESI) Radiation Protection Plan (RPP) 

4. RPP-102, “Radiological Posting Requirements.” 

5. RPP-103, “Radiation Work Permits Preparation and Use.” 

6. 29 CFR 1910.120, “Hazardous Waste Operations and Emergency Response.” 
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4.0 GENERAL 
 4.1  Discussion 

Access controls are used to ensure the radiological safety of personnel entering into 
Restricted Areas. These controls include, but are not limited to Training, Dosimetry, Posting, 
Area Monitoring, and Radiation Work Permits (RWP).   

4.2 Definitions 

ALARA:  Means as low as reasonably achievable. 

GET:   General Employee Training 

GERT:  General Employee Radiation Training 

HAZWOPER:  40-Hour Hazardous Waste Operations and Emergency Response training in 
accordance with 29 CFR 1910.120 

Radiation Worker:  An individual who accesses any Restricted Area unescorted. Radiation 
Workers shall have successfully completed all requisite medical and training requirements 
for performing work in Restricted Areas. RPT:  Radiation Protection Technician 

Radiation Work Permit (RWP):  A document or series of documents prepared by the 
Radiation Protection Group to inform workers of the radiological, industrial hygiene and 
other safety conditions which exist in the work area and task-related radiological and other 
safety requirements. 

RSO: Radiation Safety Officer 

SSHO:  Site Safety and Health Officer 

SRD: Self-Reading Dosimeter 

Visitor:  An individual who accesses the project site for purposes other than for assignment 
as a Project Worker (e.g., site visit, performance of an essential short-term task). 

5.0 RESPONSIBILITIES 
 5.1  Site Safety & Health Officer (SSHO) 

The SSHO is responsible for ensuring that all activities performed within this 
procedure conform to the requirements of the PESI Site Safety & Health Plan 
(SSHP).

Authorizing escorted visitor entries into Restricted Areas.  This responsibility may 
be designated. 

Evaluating visitor entries to Restricted Areas to minimize or eliminate exposure risk 
to personnel who lack adequate training. 

 5.2  Radiation Safety Officer (RSO) 
Implementing this procedure. 
Approving RWPs to control access to Restricted Areas. 
Reviewing and approving training programs related to work in Restricted Areas. 
Implementing the requirements of the PESI Radiological Protection Program. 
Providing direction to the Project Personnel regarding radiological matters. 
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Authorizing escorted visitor entries into Restricted Areas.  This responsibility may
be designated.

Evaluating visitor entries to Restricted Areas to minimize or eliminate exposure risk
to personnel who lack adequate training.

 5.3  Radiation Protection Technician (RPT) 
Identifying and posting Restricted Areas.
Providing RWP briefings to individuals entering Restricted Areas.
Conducting radiation and contamination surveys, and keeping legible records.
Monitoring work activities to ensure compliance with the requirements of the
Radiological Protection Program.

 5.4  Project Supervisor 
Ensuring that personnel assigned to work in Restricted Areas or with radioactive
material, attend required training and perform work in a radiologically sound and
safe manner.

Contacting the RSO or designee, to obtain approval to bring escorted visitors into
Restricted Areas.

Notifying the RSO or designee, in advance (when possible) of the need to bring any
non-project owned equipment / vehicles into the Restricted Area to arrange for
baseline contamination surveys.

 5.5  Project Personnel 
Attending designated training classes.

Following directions from the RPT with regards to Safety and Health.

Maintaining their personnel exposures ALARA.

Limiting the amount of material taken into Restricted Areas to that necessary for task
performance.

Working in a manner so as to prevent spread of contamination and reduce airborne
radiological emissions to the extent possible.

6.0 PREREQUISITES 
6.1 Individuals requiring unescorted access into a Restricted Area shall submit the following 

documentation to the RSO prior to entry: 

Evidence of initial 40-Hour and 8-Hour Refresher OSHA HAZWOPER Training (if
applicable)

Current medical examination performed within the past 12 months.

Evidence of successful completion of Site Orientation Training (GET/GERT) and
Radiation Worker Training (RWT).

6.2  Individuals requiring unescorted access into a Restricted Area shall meet the requirements for 
Restricted Area access and have the following at a minimum: 

Thermoluminescence Dosimeter (TLD) or Self-Reading Dosimeter (SRD).
Personal Protective Equipment (PPE) specified by posting and/or RWP.
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6.3 Visitor access into Restricted Areas is limited to essential tasks which meet all of the 
following requirements: 

The task cannot be performed by appropriately trained Project Personnel 

The task is time critical in nature and would have a negative impact on safety & 
health or project operations if not performed. 

The task cannot be deferred until the Restricted Area is remediated or down posted. 

7.0 PRECAUTIONS AND LIMITATIONS 
No unessential visitors shall be allowed access to the restricted areas.

Visitors shall receive visitor specific site orientation training prior to accessing a 
restricted area.  Training shall be documented. 

Personnel, equipment, and vehicle entry control shall be maintained for each 
radiological area. 

No radiological control(s) shall be installed in any area that would prevent the rapid 
evacuation of personnel in an emergency situation. 

Trained emergency response personnel (Fire Dept., Ambulance/EMT, Law 
Enforcement) responding to on-site emergencies are exempt from the requirements of 
this procedure. 

Any member of the public exposed to radiation and / or radioactive material shall not 
exceed 0.1 rem Total Effective Dose Equivalent per year. 

All visitors entering into a Restricted Area shall be escorted at all times by a qualified 
radiation worker.  The RSO and SSHO or designee(s) shall approve these entries.  The 
escort is responsible for visitor compliance with site protocols. 

Visitors may not enter a posted High Contamination Area, Radiation Area, High 
Radiation Area, or Airborne Radioactivity Area.  

Visitors shall not perform any work of an intrusive nature  (i.e., digging, drilling, 
sampling, etc.) or an abrasive nature (i.e., welding, sanding, grinding, etc.) in Controlled 
Areas unless evaluated and approved by the RSO or designee. 

Visitors may only enter those areas where hazardous atmospheres do not exceed 50% of 
the Permissible Exposure Limit and where radiation exposures would not exceed the 
annual dose limit to a member of the public as specified in 10 CFR 20.   

The RSO shall ensure that risk of exposure to hazardous materials is minimized or 
eliminated prior to authorizing visitor entry into Restricted Areas.  No work of an 
intrusive nature that may produce radioactive airborne particulates shall take place 
during visitor access to a restricted area. 

Visitors shall not be allowed to come into contact with tools, vehicles or materials that 
are contaminated above the release levels established in the SSHP. 

Project personnel who are required to escort individuals into a Restricted Area shall 
have successfully completed Radiation Worker Training (RWT), which includes 
training on the requirements of this procedure, and have a demonstrated knowledge of 
the site layout, site history, and emergency response protocols. 
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Project personnel who are required to escort individuals into a Restricted Area shall 
ensure the visitors complete the “PESI Visitor Access Control Form” ( see Attachment 
1).

RPTs shall perform exit frisking of visitors from Restricted Areas when frisking is 
required by RWP. Visitor access times and dates, PPE, controls and conditions shall be 
documented. 

8.0 APPARATUS 
None

9.0 RECORDS 
PESI Visitor Access Control Form 
RWP Access Registers are maintained under separate procedure. 

Quality Records generated under this procedure submitted to Document Control. 

10.0 PROCEDURE 
 10.1 Restricted Areas 

1. Enter the Restricted Area ONLY through the designated Access Control Point 
unless instructed otherwise by the RPT. 

2. Inform the Access Control Point RPT of the nature of your work in the Restricted 
Area.  Provide details as requested by the RPT. 

3. Adhere to the requirements of Section 10.2 of this procedure if taking equipment 
or vehicles into the Restricted Area. 

4. Review the applicable RWP and assemble and dress in the appropriate PPE. 

5. Sign-in on the RWP Access Register.  Signatures must be clear and legible, and 
must be accompanied by time of access. 

6. Conduct all activities in a safe manner while working in the Restricted Area. 
Adhere to established safety and housekeeping protocols. 

7. Exit the Restricted Area ONLY through the Access Control Point unless instructed 
otherwise by the RPT.  Perform an exit frisk as required by RWP. 

8. Sign-out on the appropriate RWP Access Register.  Signatures must be clear and 
legible, and must be accompanied by time of egress. 

 10.2 Equipment and Vehicles Entering and Exiting Restricted Areas 
1. Notify the RPT of any equipment / vehicles that need to be taken into a Restricted 

Area.  Incoming surveys are performed on equipment and materials entering 
Restricted Areas.  The purpose is to protect the client from financial liability 
associated with decontaminating equipment that arrived on the site with existing 
contamination.  The decision regarding what must be surveyed will be made by the 
RSO.  The degree of thoroughness of the survey and the requisite cleanliness of the 
equipment is at the discretion of the RSO. 

2. Bring only the required equipment / supplies necessary for the task into the 
Restricted Area. 
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3. When practicable, use contamination prevention methods such as wrapping or
sleeving of equipment taken into a CA or ARA.

4. Remove as much packaging material as possible (i.e., plastic or cardboard) prior to
entering a Restricted Area.

5. Notify the RPT of any equipment / vehicles that need to be removed from a
Restricted Area.

 10.3 Visitor Escorts 
1. Discuss planned activities, work locations, and site hazards with the Visitor.

Discuss any restrictions on where the Visitor may go and what the Visitor may do
within the Restricted Areas. Define the obligations of the Visitor with respect to
following instructions of the escort and of safety personnel.

2. Provide the Visitor with a copy of the PESI Visitor Access Control Form
(Attachment 1).

3. Instruct the Visitor to review the form, complete the top portion, and sign.

4. Answer any questions the Visitor may have.  RP personnel are available to answer
questions as needed.

5. Sign the PESI Visitor Access Control Form acknowledging escort responsibilities.

6. Obtain RSO and SSHO signature permitting Restricted Area access.

7. Give completed form to RP Personnel.

8. RP Personnel should assign a personnel dosimeter to the Visitor or group of
visitors (this is a TLD unless otherwise instructed by the RSO).  Note Self-Reading
Dosimeter (SRD) in/out readings, if used, on the RWP Access Register.

9. Review the appropriate RWP with the Visitor, and ensure the Visitor dons PPE
and signs and records the time of entry onto the RWP Access Register.

10. Escort the Visitor into the Restricted Area observing all escort responsibilities.

11. Upon completion of activities, assist visitor with PPE removal, and RWP sign-out.
An RPT will perform the exit frisking.

12. Escort the Visitor out of the Restricted Area.

13. Take the personnel dosimeter and give it to the RP personnel.  RP Personnel shall
notify the RSO immediately if SRD readings indicate a personnel exposure.

11.0 ATTACHMENT 
Attachment 1 PESI Visitor Access Control Form (FRONT & BACK) 
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ATTACHMENT 1 
PESI VISITOR ACCESS CONTROL FORM (FRONT) 

Name    ______________________________         Representing 
____________________________________

SSN _____ -_____ - _______ Mailing Address____________________________________
_____________

Some work at the PESI involves exposure to hazardous environments, radiation or radioactive materials. In 
keeping with the provisions of the Code of Federal Regulations Title 10, Part 19, this is to inform you of the 
extent of the hazards to which you may be exposed. 
Radiation and radioactive materials on this project site are confined within clearly posted and delineated areas. 
Other hazardous materials may be present in these areas. Signs in these areas are magenta or purple and 
yellow in color and contain the international symbol for radiation, a trefoil or three-bladed design. 
(ESCORT: SHOW VISITOR AN EXAMPLE OF A RADIOLOGICAL POSTING).
During your visit, you will be provided with an escort. You must remain with your escort at all times. In the 
unlikely event of an incident involving radioactive or other hazardous materials, your escort will provide you 
with instructions.  Comply with the instructions of your escort.  If exit frisking is required by the RWP, 
Radiation Protection Personnel will perform the exit frisk. 
Do not enter any areas posted “RADIATION AREA” “HIGH CONTAMINATION AREA” or 
“AIRBORNE RADIOACTIVITY AREA.”
Do not perform work of an intrusive nature (i.e., digging, drilling, sampling, etc.) or any abrasive work (i.e., 
welding, sanding, grinding, etc.) without specific written approval of the RSO.
Nuclear Regulatory Guide 8.13, “Instructions Concerning Pre-natal Radiation Exposure” is available for 
review upon request. 
Address any questions you may have to your escort or to the person you are visiting. Questions may also be 
directed to the Safety & Health Department. 
I have read and understand the above.  I agree to comply with the terms of this form. 
            
Visitor Signature        Date

I have reviewed the above with the visitor and agree to comply in full with PESI established radiological 
escort protocols including, but not limited to, those specific requirements specified on the back of this form. 
            
Escort Signature        Date

Restricted Area Access Authorized: 
            
RSO or designee Signature                   Date

            
SSHO or designee Signature                   Date

ALL SIGNATURES MUST BE PRESENT ON THIS FORM PRIOR TO RESTRICTED AREA ACCESS! 
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ATTACHMENT 1 (BACK OF FORM) 
PESI VISITOR ACCESS CONTROL FORM 

SSHO/RSO Requirements to Minimize or Eliminate Exposure Risks: 
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

SSHO/RSO Remarks: 
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

SSHO Initials: __________    RSO Initials: ____________ 
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DATE: May 2014

APPROVED:

______________________________________5/31/14_____
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______________________________________5/31/14___
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1.0 PURPOSE  
The purpose of this procedure is to provide consistent methodology for posting requirements for 
various radiological hazard areas on PESI Projects. 

2.0 APPLICABILITY 
This procedure applies to all which require radiological postings. 

3.0 REFERENCES 
1. 10 CFR 19, “Notices, Instructions, and Reports to Workers; Inspection.” 

2. 10 CFR 20, “Standards for Protection Against Radiation.” 

3. Perma-Fix Environmental Services (PESI) Radiation Protection Plan (RPP) 

4.0 GENERAL 
4.1 Discussion 

Radiological postings are used to delineate areas containing radiological hazards and to 
inform personnel of hazards.  In addition, supplemental or informational postings may be 
included which provide personnel with entry requirements or protective equipment 
requirements.  Barriers may be used in conjunction with postings to ensure that personnel 
do not inadvertently enter into an area with a radiological hazard.  Barriers at the PESI 
and the vicinity properties are normally composed of rope, tape, or fencing. 

4.2 Definitions 
Posting:  A standardized sign or label which bears the standard trefoil radiation symbol in 
magenta or black on a yellow background and information concerning a specific  radiological 
hazard.



TITLE:  Radiological Posting Requirements NO.: RPP-102 
PAGE:  2 of 4

RP-102 Radiological Posting 

5.0 RESPONSIBILITIES 
5.1 Site Safety & Health Officer (SSHO) 

The SSHO is responsible for ensuring all activities performed within this procedure 
conform to the requirements of the SSHP. 

5.2 Radiation Safety Officer (RSO) 
Implementation of this procedure. 

Reviewing pertinent survey data and making periodic tours to verify all areas within 
the PESI are properly posted. 

Authorizing the de-posting or down-posting of areas. 

Providing technical direction to the Radiation Protection Technicians (RPTs).  

5.3 Radiation Protection Technician (RPT) 
Directing the placement of radiological postings and barriers. 
Performing periodic radiation / contamination surveys to ensure radiological 
conditions have not changed.

5.4 Project Supervisor 
Ensuring that personnel working in their particular area obey all radiological 
postings.

5.5 Project Personnel 
Obeying all radiological postings. 
Following directions from the RPT with regards to radiological postings. 
Maintaining their personnel exposures as low as reasonably achievable (ALARA).  

6.0 PREREQUISITES 
RPTs will be trained to assess and recognize the various radiological hazards present at the PESI. 

7.0 PRECAUTIONS AND LIMITATIONS 
Barriers and other means shall be used as required to maintain control of areas requiring 
posting.

At a minimum, all access / egress points to areas requiring radiological posting shall be 
conspicuously posted with the appropriate signs which includes area descriptions and 
specific requirements for entry. 

Appropriate signs should be placed approximately every 40 feet around the perimeter of a 
posted area.  At least one sign should be placed on each side of an area’s boundary, visible 
from any normal avenue of approach.  These signs require only area identifiers (e.g., 
Restricted Area, Radioactive Materials Area, Radiation Area, etc.) in addition to the 
standard “Caution” or “Warning” and the tre-foil. 

An RPT with the appropriate field survey instrumentation may serve as the radiological 
posting in situations where the task is of a short duration or at the discretion of the RSO. 

No radiological control(s) shall be installed in any area that would prevent the rapid 
evacuation of personnel in an emergency situation. 
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Trained emergency response personnel (Fire Dept, Ambulance / EMT, Law Enforcement) 
responding to on-site emergencies are exempt from the requirements of this procedure. 

Postings should be as clear and concise as possible to prevent confusion on the part of 
personnel desiring to enter an area. 

Postings should not be hung from ladders, electrical wire, switches, vehicles, or any other 
item that could be damaged, moved, or could cause injury to personnel. 

If more than one level of radiological posting is required in an area, posting for each unique 
condition shall be identified starting with the highest hazard potential.  However, it is not 
required to post areas with area identifiers that are superceded by postings identifying a 
higher hazard potential (e.g., posting a Contamination Area as a Radioactive Materials Area, 
etc.).

Radiological postings shall not be moved or altered without approval from the RSO or the 
RPT covering the work. 

8.0 APPARATUS 
Yellow and magenta barrier supplies (e.g., rad-rope, rad-tape, rad-ribbon, etc.) 
Signs and inserts as required 
Radioactive Material Labels or tags 
Stands or Stanchions 

9.0 RECORDS 
All surveys performed for radiological posting placement will be forwarded to project document 
control.

10.0 PROCEDURE 
10.1 Controlled Areas 

All access points to areas meeting the definition of a Controlled Area shall be posted with 
the words “CONTROLLED AREA,” or “US GOVERNMENT PROPERTY” plus any 
additional verbiage deemed appropriate by Project Management. 

10.2 Restricted Areas 
All access points to areas meeting the definition of a Restricted Area shall be posted with 
the words “RESTRICTED AREA.” 

10.3 Contamination Areas 
All access points to areas meeting the definition of a Contamination Area shall be posted 
with the words “CAUTION, CONTAMINATION AREA,” and with the words 
“RESTRICTED AREA,” as well as any special instructions deemed necessary by the 
RSO.

10.4 High Contamination Areas 
All access points to areas meeting the definition of a Contamination Area shall be posted 
with the words “CAUTION, HIGH CONTAMINATION AREA,” and with the words 
“RESTRICTED AREA,” as well as any special instructions deemed necessary by the 
RSO.
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10.5 Radiation Areas 
All access points to areas meeting the definition of a Radiation Area shall be posted with 
the words “CAUTION, RADIATION AREA” as well as any special instructions deemed 
necessary by the RSO. 

10.6 High Radiation Areas 
All access points to areas meeting the definition of a High Radiation Area shall be posted 
with the words “DANGER, HIGH RADIATION AREA” as well as any special 
instructions deemed necessary by the RSO. 

10.7 Radioactive Materials Areas 
All access points to areas meeting the definition of a Radioactive Materials Area shall be 
posted with the words “CAUTION, RADIOACTIVE MATERIALS AREA” as well as 
any special instructions deemed necessary by the RSO. 

10.8 Airborne Radioactivity Area 
All access points to areas meeting the definition of an Airborne Radioactivity Area shall 
be posted with the words “CAUTION, AIRBORNE RADIOACTIVITY AREA” as well 
as any special instructions deemed necessary by the RSO. 

10.9 Posting / De-Posting / Down-Posting 
Posting, De-posting, and Down-posting activities should be noted in the appropriate 
technician logbook with reference to applicable survey number(s). 

11.0 ATTACHMENTS 
None
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TITLE: Radiation Work Permits 
Preparation and Use

NO.:

PAGE:

DATE:

APPROVED:

1.0 PURPOSE  
This procedure describes the conditions under which a Radiation Work Permit (RWP) is required 
on PESI Projects.  This procedure establishes consistent methodology and responsibilities for 
developing, utilizing and terminating an RWP.  The procedure also describes the functions of the 
RWP (a sample is given in Attachment 1). 

2.0 APPLICABILITY 
This procedure applies to RWP requests, preparation, use, and termination.  All personnel working 
on a task for which a RWP is required are required to comply with its conditions. 

3.0 REFERENCES 
1. Title 17, California Code of Regulations, Section 30255, “Notices, Instructions and 

Reports to Workers, Inspections, and Investigations.”

2. Title 17, California Code of Regulations, Division 1, Chapter 5, Subchapter 4 
“Standards for Protection Against Radiation.”

3. RP-101, “Access Control.”

4.0 DEFINITIONS 
Airborne Radioactivity Area: Means any area where the measured concentrations of airborne 
radioactivity above natural background exceed, or are likely to exceed, 25% of the Derived Air 
Concentration (DAC) values identified in Section 6.0 of the Radiation Protection Plan; and as  
listed in 10 CFR 20, Appendix B, Table I, Column 3  

Contamination Area (CA): Means any area accessible to personnel with loose surface 
contamination values in excess of the values specified in the United States Army Corps of 
Engineers (USACE) Radiation Protection Manual, “Acceptable Surface Contamination Levels,” 
(also refer to Table 1 of the Radiation Protection Plan; and procedure RPP-104, “Radiological 
Surveys,”) or any additional area specified by the Radiation Safety Officer (RSO).  The 
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Contamination Area posting requirement is more restrictive than the Radioactive Material Area 
posting requirement.  Any area posted as a Contamination Area shall also be considered to be a 
Radioactive Materials Area. 

Radiation Work Permit (RWP): Means a document or series of documents prepared by 
Radiation Protection to inform workers of the radiological and industrial hygiene conditions 
which exist in the work area and the radiological requirements for the job. 

Radiation Area (RA): Means any area, accessible to personnel, where the whole body dose rate 
exceeds 5 mrem/hr but less than 100 mrem/hr at 30 cm from the source. 

Radiological Area: Any area within a Restricted Area which require posting as a Radiation 
Area, Contamination Area, Airborne Radioactivity Area, High Contamination Area, or High 
Radiation Area. 

High Radiation Area (HRA): Means any area accessible to personnel where the whole body 
dose rate exceeds 100 mrem/hr at 30 cm (12 inches) from the radiation source. 

Radioactive Materials Area (RMA): Any area or room where quantities of radioactive 
materials in excess of 10 times the 10 CFR 20, Appendix C quantities are used or stored, or any 
area designated by the RSO which does not exceed the site Contamination Area criteria. 

Restricted Area: Means any area to which access is limited by Project Management for the 
purpose of protecting individuals against exposure to radiation and radioactive materials. 

5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

Implementation of this procedure.
Approving all protective measures incorporated into the RWP with regards to
Radiological Safety.

5.2 Radiation Protection Technician (RPT) 
Conducting radiation and contamination surveys and keeping legible records.
Preparing RWPs to control access to and activities in radiological areas.
Monitoring worker compliance with RWP requirements.

5.3 Project Personnel 
Reviewing the correct RWP for the task to be performed.

Accurately and legibly completing required information on the RWP Access
Register.

Observing radiological postings.

Obeying oral and written radiological and industrial hygiene control instructions
and procedures, including instructions on RWPs.

Maintaining an awareness of radiological and industrial hygiene conditions in the
work area.

6.0 PREREQUISITES 
1. A RWP shall be required for the following:

All tasks requiring entries into Radiological Areas.
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As specified by the RSO or their designees. 

 2. Prior to use of an RWP, the RSO or designee shall: 

Define an access location appropriate for the RWP. 

Review the inventory at the applicable Access Control Points and shall verify 
that Personal Protection Equipment (PPE), instruments and other safety-related 
equipment necessary to support the requirements of the RWP are available. 

 3. Prior to entry, all personnel working under an RWP must: 

Satisfy medical and training requirements as established in the Access Control 
procedure. 

Be adequately briefed by the Radiation Protection Group regarding: 

Work to be performed and the associated RWP requirements. 
Safety procedures to be followed for its completion. 

7.0 PRECAUTIONS AND LIMITATIONS 
Personnel shall not deviate from the requirements, precautions, or other instructions on the 
RWP without authorization from the RSO or designees. 

A copy of the RWP shall be posted at the work site.  The original shall remain at a central 
location (Safety and Health office).  Associated support documents containing 
environmental conditions (soil activities, contamination surveys, etc.) shall be maintained 
by the RSO and are available upon request. 

An RWP is not required when responding to emergency situations where serious 
consequences could result if time were taken to prepare the RWP. 

8.0 APPARATUS 
None 

9.0 RECORDS 
Hazardous Work Permit (RWP) 
Hazardous Work Permit Access Register 

10.0 PROCEDURE 
10.1 Active RWP Use 

1. The RP group will activate the RWP upon review and signature by the RSO. 

2. A copy of active RWPs will be maintained at applicable Access Control Points. 

3. The RSO or designee shall review the inventory and shall verify that PPE, 
instruments and other safety-related equipment necessary to support the 
requirements of the RWP are available at the applicable Access Control Points.  
Inventory reviews shall also be performed, as necessary, during the course of 
work on the RWP. 

4. All workers who will be working on tasks supported by an RWP will be 
provided an initial briefing on the RWP by a Safety and Health representative: 
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Upon their entry on the RWP. 
Upon initial entry following revision of a RWP. 
When significant changes occur in the work area. 

5. The purpose of the briefing is to ensure: 

All Safety and Health conditions, requirements, special precautions, are 
fully understood by the workers. 

Ensure that all anticipated tools, materials, and equipment are assembled 
for the work. 

Ensure that work party members have been issued any radiological 
monitoring or protective devices specified for the work. 

6. All personnel will read and verify that they understand and agree to comply with 
the terms of the RWP by signing in on the RWP Access Register (Attachment 2). 

7. While working under an RWP, personnel are responsible to know and 
understand: 

The tasks that fall under the RWP. 
Procedural controls and precautions taken to: 

Reduce spread of contamination. 

Reduce airborne emissions of radionuclides. 

Reduce dose to workers and the public as low as reasonably 
achievable (ALARA). 

Requirements to apply the sound radiological and safe work practices 
taught in indoctrination and continuing training. 

8. The RSO or the attending RPT have stop work authority for all phases of work 
under an RWP.  Stop work authority can be implemented when personnel safety 
is jeopardized due to: 

A change in the radiological (or other hazard) environment occurs, 
requiring additional controls and / or precautions. 

If poor work practices are employed. 

If RWP, ALARA, or procedural controls and / or precautions are 
violated. 

9. Personnel shall sign in / out on the RWP Access Register for each entry into and 
egress from an area including when exiting the area for short break periods and 
when transferring to work on a different RWP. 

10. Upon completion of work or at the end of the shift the Work Party Supervisor 
shall ensure that: 

Access Control Point and Work Area conditions are satisfactory.  This 
includes housekeeping, safe storage of equipment, ensuring any required 
contamination control measures are implemented, and accurate completion 
of RWP Access Registers. 
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All radiological and Industrial Hygiene monitoring and protection devices 
that were issued have been returned to the Safety and Health (S&H) 
Group. 

10.2 Termination of RWP 
1. If the work was not or cannot be completed within the duration period of the 

RWP, an extension of the RWP should be requested. 

2. An RWP is considered “terminated upon:

Signature by the RSO, or designee(s) in the appropriate section on the 
original RWP. 

If the duration period for the RWP is been exceeded and the RWP was 
not extended. 

3. Upon Completion of an RWP task, the Work Party Supervisor shall ensure 
that: 

Access Control Point and Work Area conditions are satisfactory.  This 
includes housekeeping, safe storage of equipment, ensuring any 
required contamination control measures are implemented, and 
accurate completion of RWP Access Registers. 

All radiological and Industrial Hygiene monitoring and protection 
devices that were issued have been returned to the RP Group. 

4. Upon completion of the job, the RWP copy and RWP Access register shall be 
returned to the RP Group for disposition. 

5. Completed RWP forms (originals) and RWP Access Registers are quality 
records.  These documents shall be maintained by the RP Group until 
transmitted to Project Records. 

11.0 ATTACHMENTS 
Note: Attachments may be revised without formal review of this procedure and are attached as 
examples only.  Please contact the RSO for a current copy of these attachments. 

Attachment 1 Radiation Work Permit (Typical) 

Attachment 2 Radiation Work Permit Access Register (Typical)  
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PESI RADIATION WORK PERMIT (RWP) 
NO. - 

Revision Number  

 WORK DESCRIPTION: WORK LOCATION(S): 

Start Date /Time:

Est. Completion Date:

Requested by:

Request Date:

HAZARDOUS CONDITIONS

IS A RADIOLOGICAL / ALARA REVIEW REQUIRED ?  No   �� Yes   �� 
I.H. LIMITS: RADIOLOGICAL LIMITS CURRENT CONDITIONS 

 O2: Exposure Rate: IH/Rad conditions are evaluated by 
Safety & Health personnel, as necessary, 

during job coverage.  The adjacent 
IH/Rad limits are the maximum allowed 

by this RWP. 

  LeL: Alpha Contamination: 
  Org. Vapors: 
  DUST: General Area Airborne: 
  H2S: Limiting Isotope / DAC Value: 

REQUIRED PERSONAL PROTECTIVE CLOTHING & EQUIPMENT (PPE) 

    HEAD / EYES FEET / LEGS BODY 
�� Hard Hat �� Sturdy Work Shoes �� Cotton Coveralls
�� Safety Glasses �� Disposable Shoe Covers �� Tyvek Coveralls (Regular)
�� Monogoggles �� Rubber Over Shoes / Boots �� Tyvek Coveralls (Coated)
�� Face Shield �� Other (Specify): �� Other (Specify)

RESPIRATORY HANDS MISCELLANEOUS 

�� Full Face (Negative Pressure) * �� Cotton / Work Gloves �� Tape Gloves & Boots to Coveralls
�� Powered Air Purifying* �� Nitrile Surgeons Gloves �� Fall Protection

* Specify Cartridge or Canister Type Below �� Rubber Gloves �� Hearing Protection
�� Other (specify) �� Other (Specify): �� Other (Specify)

ADDITIONAL REQUIREMENTS / SPECIAL INSTRUCTIONS / MONITORING REQUIREMENTS 

    Additional Requirements     Special Instructions Dosimetry Indiv. Group 
�� "Buddy System" in Effect  TLD  Badge 
�� S&H Tech Job Coverage ( Intermittent / Continuous) Extremity TLD 
�� Confined Space Entry Permit  Other (Specify): 
�� HotWork Permit

�� Lockout-Tagout Permit

�� Excavation Permit Air Monitoring Indiv. Group 
�� Review MSDS  Lapel-Breathing Zone 

�� Emergency Response Equipment  Low Volume 

�� Communication Method ( Radio / Voice ) Dust 

�� Portable Eyewash Station  PID / FID 

�� Pre-Entry Monitoring  4 Gas 

�� S&H Tech Notification Prior to Work  ( Daily / Each Entry )

�� Personnel Frisking Required ( Whole-Body / Hand & Feet ) Expiration Date/Time:
�� __________________________________________________  This permit will be reviewed for 

revision as conditions change and at 
1-year from date of implementation.�� __________________________________________________

�� __________________________________________________

  APPROVALS DATE TERMINATION DATE 

  RSO RSO or SSHO 

  SSHO Reason: 
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Attachment 2 (Typical) 

PESI RWP ACCESS REGISTER RWP # __  __ - __  __  __
WORK LOCATION:  ______________________________ DATE: ___ ___ / ___ ___ / ___ ___ Sheet: ___ of  ___ 

ENTRANT
BADGE NUMBER (1)

ENTRANT
SIGNATURE

(2)

TIME
IN
(3)

TIME
OUT

TIME
IN

TIME
OUT

TIME
IN

TIME
OUT

TIME
IN

TIME
OUT

TOTAL
HOURS
(RP USE)

Notes: 

Escorts shall initial after entrant signature for visitors.

REGISTER REVIEW / DATA ENTRY:
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______________________________________5/31/14_____
Technical Services Manager                           Date 

______________________________________5/31/14___
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1.0 PURPOSE  
This procedure establishes consistent methodology for performing radiation and contamination 
surveys at Perma-Fix Environmental Services (PESI) facilities and projects. 

2.0 APPLICABILITY 
This procedure is applicable to all personnel trained and qualified to perform radiation and 
contamination surveys at PESI. 

3.0 REFERENCES 
1. 10 CFR 20, “Standards for Protection Against Radiation.” 

2. PESI  “Radiation Protection Plan (RPP) 

3. RP-101, “Access Control.” 

4. RP-105, “Unrestricted Release of Requirements.” 

5. RP-106, “Survey Documentation and Review 

4.0 GENERAL 
4.1 Discussion 

Radiological surveys are performed to detect and assess radiological conditions, which 
may be encountered at PESI.  

4.2 Definitions 
Contact Dose Rate:  A radiation dose rate as measured at contact or within 1/2 inch of 
the surface being measured. 

CPM:  Counts per minute

Dose Rate:  The quantity of absorbed dose delivered per unit of time. 

DPM:  Disintegrations per minute 
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General Area Dose Rate (GA Dose Rate):  The highest radiation dose rate accessible to 
any portion of the whole body measured at a distance of 30 cm (12 inches) from a 
significant radiation source or combination of sources. 

LAW:  Large area Wipe (i.e., Masslinn) 

MDA:  Minimum Detectable Activity 

Survey: An evaluation of the radiation hazards incident to the production, use, release, 
disposal, or presence of radioactive materials or other sources of ionizing radiation under 
a specific set of conditions. 

5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

Implementation of this procedure. 

Ensuring appropriate radiation surveys are performed to measure and document 
radiation levels. 

Ensuring all completed surveys are adequately reviewed. 

Providing technical direction to the RPTs. 

5.2 Radiation Protection Technician (RPT) 
Conducting and documenting radiation surveys. 
Performing all necessary pre / post use operability checks. 
Creating neat, legible, and concise records.  

6.0 PREREQUISITES 
Prior to performing a radiation survey, personnel should review previous survey data and 
familiarize themselves with possible radiological hazards. 

7.0 PRECAUTIONS AND LIMITATIONS 
Personal Protective Equipment (PPE) should be appropriate for the level of contamination 
expected and shall be in compliance with Site Safety & Health Plan (SSHP), Radiation 
Work Permits (RWPs), or other work specific controlling documents.  At a minimum, 
gloves or tweezers should be used when handling swipes. 

Direct probe surveys may be used to demonstrate compliance with removable limits given in 
Attachment 1 (Acceptable Surface Contamination Levels), and discussed in RPP-105, 
“Unrestricted Release of Requirements.”  When instrumentation is used in this manner it 
should be capable of achieving the removable minimum detectable count (MDC) 
requirements. 

Surface contamination limits are contained in Attachment 1. 

Instruments used in surveys should be capable of achieving a Minimum Detectable Activity 
(MDA) that is less than the applicable release limits. 

In high background areas it may not be possible to achieve the required survey MDAs for 
beta / gamma instruments. 

8.0 APPARATUS 
Radiation and contamination survey instruments 
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Smears 
Masslinn
Personal Protection Equipment 

9.0 RECORDS 
Survey documentation to be completed per RPP-106, “Survey Documentation and Review.”

10.0 PROCEDURE 
10.1 General Instructions 

1. Select the survey instrument based on the anticipated hazards and dose rates as 
determined by a review of previous survey data and ongoing work activities. 

2. Perform pre-operational and response checks in accordance with the operating 
procedures for the instrument. 

3. Remove any defective instrument from service. 

4. Obtain survey forms and any other material required to document survey results. 

5. Contamination Surveys are normally done for alpha emitting constituents.  In 
certain circumstances the RSO can dictate that a survey be performed for both 
alpha and beta emitting constituents. 

10.2 Routine Survey Frequencies 
1. The RSO shall specify areas for routine monitoring surveys and the frequency 

of such surveys. The RSO should maintain a routine survey frequency 
schedule.  The schedule is NOT considered a record, and does not need to be 
retained.

2. The following areas should be considered for a routine survey on a DAILY 
basis:

Access Control Points. 
Designated eating, drinking, and smoking areas within Restricted 
Areas.
Radiological Counting Labs and sample prep areas. 
Any other area specified by the RSO. 

3. The following areas should be considered for a routine survey on a WEEKLY 
basis:

High Traffic areas on the PESI Site. 
Operating high-efficiency particulate air (HEPA) exhaust areas. 
Highly occupied areas within the radioactive Materials Area that 
could be a source of personnel contamination or an intake of 
radioactive materials (e.g., the boot change area, equipment 
floorboards, and workshops). 

4. The following areas and equipment should be considered for a routine survey 
on a MONTHLY basis: 

Occupied offices. 
Storage areas. 
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Occupied areas within the radioactive Materials Area that could be a
source of personnel contamination or an intake of radioactive
materials (e.g., equipment storage areas).

5. The following should be done on an as-needed basis:

Incoming Surveys

The RSO can direct that incoming surveys be performed on
equipment and materials arriving onto the site.  The purpose of an
incoming survey is to protect the client from financial liability
associated with decontaminating equipment that arrived on the site
with existing contamination.  The degree of thoroughness of the
survey and the requisite cleanliness of the equipment is at the
discretion of the RSO.

Surveys of Materials Vehicles, and Personnel leaving Restricted
Areas

All materials, vehicles, and personnel shall perform surveys upon
leaving Restricted Areas that have a potential for spread of
contamination.  The RSO or designee can direct that additional
surveys be performed as needed to monitor for spread of
contamination.

Direct Total Contamination Surveys
1. All items being surveyed should appear to be clean prior to being surveyed.

To the extent possible, all interior and exterior surfaces should be free from
oil and visible dirt.  The RSO may dictate the required degree of cleanliness,
based on the purpose of the survey and the history of the item being
surveyed.

2. Obtain proper instrumentation for the survey.  Ensure that the instruments
are currently calibrated and have been performance checked prior to the
survey.

3. Determine and record the background count in the area to be surveyed.
Ensure that the background is representative of the measurement to be taken.
Calculate and record the MDA on the appropriate survey form. Verify the
MDA has been calculated for the background at the point of use and is less
than the applicable site release criteria.  In no case shall the background
count time be less than the sample count time.

4. Perform a scanning survey of the item.  Concentrate survey measurements
on areas most likely to be contaminated.  The fraction of the total area
scanned is subjective, based on technician experience, an item’s use history,
and RSO guidance.  Typically, the scan frequency is a minimum of 10% of
accessible surface areas.

5. Obtain static measurements at locations with the highest potential for
contamination.  The number of survey points selected is subjective, based on
technician experience, an item’s use history, and RSO guidance.  The count
time should be consistent with the MDA calculation.  A typical count times
is one minute for digital scalers and until the meter reading stabilizes for
analog ratemeters.
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6. Record and identify all locations surveyed on the appropriate survey 
form(s).  The use of diagrams or sketches is recommended. 

Beta-Gamma Probe - In high background areas it may not be 
possible to achieve the required survey MDAs.  This should be noted 
on the survey cover sheet, and should be brought to the attention of 
the RSO. 

Alpha Probe - The performance check background may be used in 
place of background count in the area to be surveyed.  A good 
practice is to check the probe for light leaks or for faulty cables if 
positive results begin appearing. 

7. All measurements shall be reported in units of “dpm” unless otherwise 
directed by the RSO.  Examples include “dpm/100 cm²,” and “dpm/probe.” 

8. Direct non-smearable hot spots may be averaged over 1 square meter to 
determine compliance with release levels.  If the entire item is less than 
1 square meter in area, the entire surface area may be averaged.  Bolt on 
parts of a vehicle should not be considered separate items. 

The method for determining an average activity is to mark a 
1 square meter area on the piece to be surveyed that is roughly 
centered on the hot spot.  Take 1 measurement at the highest 
activity point of the hot spot.  Take 4 (or more) other measurements 
within the square meter at locations representative of the whole 
square meter.  Record count-rate of each individual measurement.  
Calculate the activity of all measurements being averaged, 
including those that are less than the MDA and those with a 
calculated activity less than zero.  Calculate the average of all 
measurements and record on the survey form. 

9. Complete the appropriate survey form. 

10.3 Removable Contamination 
With RSO approval, removable contamination surveys may be disregarded, provided that 
direct survey measurements and instrument MDAs are below site removable 
contamination limits for release. 

1. All items being surveyed shall be clean prior to being surveyed.  All interior 
and exterior surfaces should be free from oil and visible dirt.  The RSO may 
dictate the required degree of cleanliness, based on the purpose of the survey 
and the history of the item being surveyed. 

2. Wipe each location of interest with moderate pressure area using a standard 
1 ¾-inch swipe.  The area wiped should be approximately 100 cm².  Larger 
areas may be wiped.  It can be inferred that if the wipe meets the required 
limit for 100 cm² when it was actually taken from a larger area, the object 
will pass the 100 cm² criteria.  No special documentation is required if the 
wiped area exceeds 100 cm².   If the object is smaller than 100 cm², the area 
of the entire object should be wiped. 

3. Large area wipes (LAW), also commonly referred to by the trade name 
“Masslinn” may be used to supplement smear surveys for removable 
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contamination.  The use of LAWs should be documented on the survey form 
with the notation “LAW,” or equivalent. 

4. Ensure each used swipe (i.e., smear or large area wipe) is handled, stored, 
and transferred in such a fashion as to prevent to loss of sampled material or 
cross-contamination with other personnel and other swipe samples. 

5. Record the location of each wipe on the appropriate survey form.  It is 
preferable to record the location by circling the sequential number location 
on a survey map where the wipe was taken. 

10.4 Analyzing Swipes 
1. Smear samples should be counted using available scintillation or gas-flow 

proportional laboratory counters, when practicable.  Field instruments may 
be used for smear counting at the discretion of the RSO. 

2. LAW samples may be counted using field instruments.  The use of 
laboratory counters is inappropriate. 

3. Determine and record the background count-rate.  Calculate and record the 
MDA on the appropriate survey form.  Verify the MDA has been calculated 
for the background at the point of use and is less than the applicable site 
release criteria.  In no case shall the background count time be less than the 
sample count time. 

4. Remove each swipe from the paper backing, as needed.  The use of tweezers 
is recommended. 

5. Place the swipe in the counter and close. 

6. Count for the designated counting time. 

7. Record the gross result under cpm in the appropriate column (either alpha or 
beta-gamma) of the survey form. 

8. Calculate and record the activity.  Removable contamination survey results 
shall be reported in units of “dpm” unless otherwise directed by the RSO.  
Examples include “dpm/100 cm2” and “dpm/LAW.” 

10.5 Gamma Surveys 
1. Routine gamma surveys may be used to detect the gradual buildup of 

gamma emitting contaminated materials in soils.  This may occur at heavy 
equipment, heavy traffic, or egress points from contaminated areas.  Normal 
uncontaminated trash should be gamma surveyed prior to leaving the site. 

2. Obtain proper instrumentation for the survey.  Ensure that the instruments 
are currently calibrated and have been performance checked prior to the 
survey. 

3. Perform the survey with the appropriate detector using techniques specified 
by the RSO. 

4. Complete the appropriate survey form. 

10.6 Gamma Dose Rate Surveys 
Obtain proper instrumentation.  Ensure that the instrument is currently calibrated 
and has been performance checked prior to the survey. 
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When entering areas with known radiation levels, select the appropriate scale. 
Observe the meters as you enter the area.  If necessary, change scales 
to maintain on-scale reading. 

Perform gamma dose rate surveys as follows: 

Monitor dose rates from the lower thighs to head level, recording the 
highest level as General Area Dose Rate. 

Monitor dose rates 30 cm (12 inches) from a significant radiation 
source recording the highest level as General Area Dose Rate. 

Additional measurements are necessary to determine Transport Index 
for shipping per procedure PP-8-810, “Conveyance Survey.” 

If dose rate sources are predominantly from overhead, then denote on 
survey. 

Perform contact gamma dose rate measurements with the detector 
within ½-inch of the surface to be surveyed. 

Additional measurement locations should be clearly identified in 
survey documentation. 

Record all survey results on the appropriate survey form. 

11.0 CALCULATIONS 
11.1 Sample Activity 

)()( AE
meBkgCountTi

untsTotalBkgCo
tTimeSampleCoun

eCountsTotalSamplDPM

where:

E = Instrument Efficiency  
A = Area correction factor, if applicable

11.2 Minimum Detectable Activity (MDA) 
The following MDA equation is to be used for a background count time equal to the 
sample count time: 
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where:

Ts = Sample count time 
E = Instrument efficiency  
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A = Area correction factor, if applicable 
B = Background cpm

The following equation is to be used for a background count time equal to 5 or more 
times the sample count time: 

))()((
)29.33(

STAE
B

MDA

12.0 DOCUMENTATION 
Survey forms shall be completed in entirety.  This includes attaching printouts, diagrams, or 
other supporting documentation, appending sequential page and survey tracking numbers, a 
review for completeness and accuracy, and appending the appropriate signatures of 
personnel performing the survey and / or analyzing samples. 

Once complete, the survey package shall be submitted to the RSO or designee, for final 
review and approval signature. 

Survey documentation shall be maintained according to established RP document control 
and retention requirements. 

13.0 ATTACHMENT 
Attachment 1 Acceptable Surface Contamination Levels 
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Attachment 1 

Acceptable Surface Contamination Levels 

NUCLIDEa AVERAGEb c

dpm/100 cm2
MAXIMUMb d

dpm/100 cm2
REMOVABLEb e

dpm/100 cm2

U-nat, U-235, U-238 and associated decay 
products

5,000 15,000 1,000 

Transuranics, Ra-226, Ra-228, Th-230, 
Th-228, Pa-231, Ac-227, I-125, I-129 

100 300 20 

Th-nat, Th-232, Sr-90, Ra-223, Ra-224, 
U-232, I-126, I-131, I-133 

1,000 3,000 200 

Beta-gamma emitters (nuclides with decay 
modes other than alpha emission or 

spontaneous fission) except Sr-90 and 
others noted above. 

5,000 15,000 1,000 

Notes:
a Where surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits 

established for alpha- and beta-gamma-emitting nuclides should apply independently. 
b As used in this table, dpm means the rate of emission by radioactive material as determined by correcting 

the counts per minute observed by an appropriate detector for background, efficiency, and geometric 
factors associated with the instrumentation. 

c Measurements of average contaminant should not be averaged over more than 1 square meter.  For objects 
of less surface area, the average should be derived for each object. 

d The maximum contaminated level applies to an area of not more than 100 cm2.
e The amount of removable radioactive material per 100 cm2 of surface area should be determined by wiping 

that area with dry filter or soft absorbent paper, applying moderate pressure, and assessing the amount of 
radioactive material on the wipe with an appropriate instrument of known efficiency.  When removable 
contamination on objects of less surface area is determined, the pertinent levels should be reduced 
proportionally and the entire surface should be wiped. 

*Source: USCG / USEPA EM 385-1-80 Table 6-4 Acceptable Surface Contamination Levels, 1985. 

Note: The acceptable surface contamination levels for Th-nat will be used unless subsequent 
sampling indicate the presence Ra-226, Ra-228, Th-230, Pa-231, or Ac-227 in 
concentrations greater than that of the parent nuclide.  The RSO will determine if 
contamination limits should be modified for a specific activity or location based on 
available data.
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1.0 PURPOSE  
This project procedure describes the method of surveying equipment, materials, or vehicles for 
release for unrestricted use at Perma-Fix Environmental Services (PESI) facilities and projects.  

2.0 APPLICABILITY 
This project procedure applies to all site personnel responsible for the unrestricted release of 
equipment and materials used in a Restricted Area.  This procedure is not used for vehicles that 
are transporting radioactive materials. Vehicles conveying radioactive materials also must follow 
USDOT Regulation 49 CFR Part 173. 

3.0 REFERENCES 
1. Title 17, California Code of Regulations, Division 1, Chapter 5, Subchapter 4 

“Standards for Protection Against Radiation.”

2. PESI “Radiation Protection Plan (RPP)

3. NRC Regulatory Guide 1.86. 

4. RP-104, “Radiological Surveys”

4.0 DEFINITIONS 
CPM: Counts per minute 

DPM: Disintegrations per minute

Equipment and Material: Equipment and material refers to any item used in a Restricted Area 
to support work activities (i.e., hand tools, heavy equipment, plastic, etc.). 

LAW: Large Area Wipe (i.e., Masslinn) 

Unrestricted Release: Release of equipment and / or material to the general public.  
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5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

Ensuring adequate staffing, facilities, and equipment are available to perform the 
survey tasks assigned to Radiation Protection personnel. 

Approving purchase or acquisition of equipment necessary to perform surveys. 

Ensuring that surveys take place in appropriately posted areas. 

Reviewing results of survey data as required to determine acceptability for release of 
items. 

Dispositioning materials that cannot be released based on survey results. 

Investigating and initiating corrective actions for the improper release of 
radiologically contaminated material.  

5.2 Radiation Protection Technician (RPT) 
Identify equipment and material to be surveyed for unrestricted release. 
Performing and documenting contamination surveys. 
Posting, securing and controlling radioactive material that cannot be released. 
Releasing material in accordance with this and implementing procedures. 

5.3 Project Personnel  
Adhering to all policies, procedures and other instructions, verbal and written, 
regarding control and minimization of radioactive material and contaminated material. 

Reporting any concerns about the control and minimization of radioactive material 
and contaminated material to supervision. 

Maintaining good housekeeping at work sites and assisting in preventing the build-up
and spread of contamination.  

6.0 EQUIPMENT AND MATERIAL
Alpha Detector 
Beta-Gamma Detector 
Portable Ratemeter / Scaler 
Scintillation or Gas-Flow Proportional Lab Alpha / Beta Counter 
Survey forms 
Cloth smears 
MasslinnTM type cloths 

7.0 INSTRUCTIONS 
7.1 General Instructions 

Prior to conducting any surveys, ensure that all survey instrumentation has been response 
checked, is in operating within control limits and has not been removed from service. 

Response checks shall be performed daily. 

Background measurements are to be taken prior to use at the point of use. The 
background count time shall be greater than or equal to the sample count time. 
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Verify that the MDA has been calculated for the background at the point of use 
and is less than the applicable site release criteria.  Refer to RPP-104, 
“Radiological Surveys,” for the MDA calculation. 

Survey results are converted from counts per minute (cpm) to disintegrations per 
minute (dpm).  A sample “cpm to dpm” calculation is attached for review and 
use at the end of this procedure. 

7.2 Release of Items for Unrestricted Use 
1. Surveys for both total and removable contamination shall be made in 

accordance with Section 7.3 (below) on all equipment, materials or vehicles 
which have either been in a Restricted Area or which may be potentially 
contaminated. 

2. With RSO approval, removable contamination surveys may be disregarded, 
provided that direct survey measurements and instrument MDAs are below site 
removable contamination limits for release. 

3. RP personnel will determine which items located outside a Restricted Area 
may be potentially contaminated based on their use, site history, or previous 
survey data. The potential for these objects to have become contaminated by 
airborne radioactive materials must be considered.  This could include items 
that are used to support site activities, such as office equipment, cleaning 
devices, furniture, trailers, etc., even though direct contact may not have 
occurred. 

4. Items which have a potential for internal contamination of inaccessible surfaces 
shall be evaluated by the RSO or designee prior to release. 

5. All items to be released shall be surveyed in such a manner as to fully 
demonstrate that accessible surfaces comply with the surface contamination 
release criteria specified in RP-104, “Radiological Surveys.” 

6. Items that do not meet release criteria shall be decontaminated until release 
criteria is met or shall be disposed of as radiological waste. 

7. Air intakes / filters on motorized equipment should be surveyed as an indicator 
of potential internal contamination.  Notify the RSO or designee if air 
intake / filter surfaces indicate the presence of contamination.  Contaminated 
air filters shall be removed and disposed of as radiological waste. 

8. To the extent practicable, visible dirt and mud or other material shall be 
removed from surfaces prior to survey. 

9. The RSO or designee, shall review all survey data prior to the release from the 
Controlled Area. 

7.3 Direct Surveys Scans and Static Measurements 
1. Surfaces shall be dry and cleaned, to the extent practicable prior to performing 

direct alpha measurements. 

2. The RSO may authorize the short-term relocation or staging of 
equipment / vehicles for direct measurements in any portion of the Controlled 
Area.  This is provided that the item has been verified to be clean of removable 
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contamination prior to removal from a Restricted Area and fixed contamination 
producing general area dose rates greater than 0.2 mrem/hr is not anticipated. 

3. Alpha detectors should be placed within ¼-inch of the surface to be surveyed.  
Beta detectors should be placed within ½-inch of the surface to be surveyed.  
Use caution to not contaminate or damage the detector surface. 

4. Perform a scanning survey of the item. Concentrate survey measurements on 
areas most likely to be contaminated. The fraction of the total area scanned is 
subjective, based on technician experience, an item’s use history, and RSO 
guidance.  Typically, the scan frequency is a minimum of 10% of accessible 
surface areas. 

5. Obtain static measurements at locations with the highest potential for 
contamination. The number of survey points selected is subjective, based on 
technician experience, an item’s use history, and RSO guidance.

6. Static measurement count times shall be appropriate for desired MDAs.  
Typical count times are one minute for digital scalers and until the meter 
reading stabilizes for analog ratemeters. 

7. Record and identify all locations surveyed on the appropriate survey form(s).  
The use of diagrams or sketches is recommended. 

8. All measurements shall be reported in units of “dpm” unless otherwise directed 
by the RSO.  Examples include “dpm/100 cm²” and “dpm/probe.”

7.4 Removable Contamination Surveys 
1. “Cloth” smears shall be used for smear surveys.

2. A notation (e.g., smear number, date, time, location, etc.) should be made on 
the smear envelopes to ensure proper smear tracking.  Smears may also be 
numbered using a pen or marker prior to use. 

3. Using moderate pressure, swipe an area of 100 cm² (4-inch square area or 
equivalent) of the surface at the selected location.  Smear surveys should be 
performed at the same location that direct surveys were performed. 

4. Large Area Wipes (LAW), also commonly referred to by the trade name 
“Masslinn,” may be used to supplement smear surveys for removable 
contamination.  The use of LAWs should be documented on the survey form 
with the notation “LAW” or equivalent.

5. Ensure each used swipe (i.e., smear or large area wipe) is handled, stored, and 
transferred in such a fashion as to prevent to loss of sampled material or cross-
contamination with other personnel and other swipe samples. 

6. Smear samples should be counted using available scintillation or gas-flow 
proportional laboratory counters, when practicable.  Field instruments may be 
used for smear counting at the discretion of the RSO. 

7. LAW samples may be counted using field instruments.  The use of laboratory 
counters is inappropriate. 

8. Removable contamination survey results shall be reported in units of “dpm” 
unless otherwise directed by the RSO.  Examples include “dpm/100cm2” and 
“dpm/LAW.”
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9. Ensure all results are documented on the appropriate survey form.  Lab
printouts may be attached and referenced on the survey form.

8.0 CALCULATIONS 
MDA and Sample Activity formulas are located in RPP-104, “Radiological Surveys.”

9.0 DOCUMENTATION 
Survey forms shall be completed in entirety.  This includes attaching printouts, diagrams,
or other supporting documentation, appending sequential page and survey tracking
numbers, a review for completeness and accuracy, and appending the appropriate
signatures of personnel performing the survey and / or analyzing samples.

Once complete, the survey package shall be submitted to the RSO or designee, for final
review and approval signature.

Survey documentation shall be maintained according to established RP document control
and retention requirements.

10.0 ATTACHMENT 
None 
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TITLE: Survey Documentation and Review NO.: RP-106

PAGE: 1 of 6 

DATE: May 2014

APPROVED:

______________________________________5/31/14_____
Technical Services Manager                           Date 

______________________________________5/31/14___
Corporate Certified Health Physicist               Date 

1.0 PURPOSE  
This procedure establishes consistent methodology for documenting radiological surveys and 
provides criteria for the review of these surveys. 

2.0 APPLICABILITY 
This procedure is applicable to all radiological surveys excluding air samples. 

3.0 REFERENCES 
1. 10 CFR 20, “Standards for Protection Against Radiation.” 

2. PESI  “Radiation Protection Plan (RPP) 

3. RP-104, “Radiological Surveys.” 

4.0 GENERAL 
4.1 Discussion 

The results of surveys will be documented on survey forms or in designated logs as approved 
by the Radiation Safety Officer (RSO).  Survey data will contain enough detail to provide 
personnel with adequate information concerning radiological conditions existing in the area 
surveyed. 

The RSO or designee will review completed survey documentation to ensure appropriate, 
adequate and complete information is recorded.  The individual reviewing the survey will 
ensure that the recorded results are legible, in accordance with Radiological Protection 
Program (RPP) implementing procedures, consistent with anticipated levels, and will 
determine the reason for any variances. 
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4.2 Definitions 
Airborne Radioactivity Area (ARA):  Means any area where the measured concentrations 
of airborne radioactivity above natural background exceed, or are likely to exceed, 25% of 
the Derived Air Concentration (DAC) values listed in 10 CFR 20, Appendix B, Table I, 
Column 3. 

Contamination Area (CA):  Means any area accessible to personnel with loose surface 
contamination values in excess of the values specified in RP-104 , “Radiological Surveys, or 
any additional area specified by the Radiation Safety Officer (RSO).  The Contamination 
Area posting requirement is more restrictive than the Radioactive Material Area posting 
requirement.  Any area posted as a Contamination Area shall also be considered to be a 
Radioactive Materials Area. 

Contact Dose Rate:  A radiation dose rate as measured at contact or within 1/2 inch of 
the surface being measured. 

General Area Dose Rate (GA Dose Rate):  The highest radiation dose rate accessible to 
any portion of the whole body measured at a distance of 30 cm (12 inches) from a 
significant radiation source or combination of sources. 

Radiation Work Permit (RWP):  Means a document or series of documents prepared 
by Radiation Protection to inform workers of the radiological and industrial hygiene 
conditions, which exist in the work area and the radiological requirements for the job. 

Radiation Area (RA):  Means any area, accessible to personnel, where the whole body 
dose rate can exceed 5 mrem in 1 hour at 30 cm from the source. 

Radioactive Material: Material activated or contaminated by the operation or 
remediation activities and by-product material procured and used to support the 
operations.

Radioactive Materials Area (RMA):  Any area or room where quantities of radioactive 
materials in excess of 10 times the 10 CFR 20, Appendix C quantities are used or stored, 
or any area designated by the RSO which does not exceed the site Contamination Area 
criteria.

Radiological Area: Any area within a Restricted Area which require posting as a 
Radiation Area, Contamination Area, Airborne Radioactivity Area, High Contamination 
Area, or High Radiation Area. 

Restricted Area:  An area to which access is limited to protect individuals against undue 
risks from exposure to radiation, radioactive materials, and chemical contaminants.  All 
posted radiological or chemical areas are Restricted Areas. 

5.0 RESPONSIBILITIES  
5.1 Radiation Safety Officer (RSO) 

The Radiation Safety Officer (RSO) or designee is responsible for reviewing 
radiological surveys performed by Radiation Protection Technicians (RPT). 

5.2 Radiation Protection Technician (RPT) 
RPTs are responsible for documenting surveys in a legible manner on approved 
forms.  
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6.0 PREREQUISITES 
Surveys for radiation and contamination have been performed in accordance with RP-104 
“Radiological Surveys”. 

7.0 PRECAUTIONS AND LIMITATIONS 
Surveys for airborne radioactivity will be documented in accordance with RP-107, 
“Measurement of Airborne Radioactivity.” 

8.0 APPARATUS 
Survey Forms 

9.0 RECORDS 
PESI Survey Form (Attachment 1) 
PESI Survey Log Number Form (Attachment 2) 
Radiation Protection Technician (RPT) Logbooks 

10.0 PROCEDURE 
The methods outlined in this procedure are intended to assure the clear and concise transfer of 
survey information.  Variations or deviations from the protocols in this procedure are permitted if 
the clear transfer of information is maintained. 

10.1 Documentation 
10.1.1 General 

1. Record all information on survey forms in a neat and legible manner. 

2. Document all surveys on a form with approved project heading.  
Technician logbooks may be used for documenting surveys (e.g., daily 
routines, material transfers, minor posting changes, etc.) as authorized by 
the RSO and providing instrument serial numbers are documented with 
survey data. 

3. When recording information on survey forms, check all appropriate boxes 
and circle all appropriate answers. 

4. Use a survey form with pre-drawn diagrams when available.  If not, draw 
a diagram or picture of the object surveyed.  Should a diagram not be 
appropriate, use a lined survey form. 

5. Assign the next sequential survey number to the survey from the survey 
number logbook. 

6. Complete the following information for all surveys: 

Date and time of survey 

Location of survey 

Instrument type and serial numbers and associated supporting 
information (i.e., detector efficiencies, calibration dates, 
background values, etc.) 

HWP number, if applicable 

Reason for survey 
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Name and signature of surveyor 

7. Indicate Radiological Hazard Area boundaries on the survey form using 
x's and -'s (-x-x or **). 

8. Note the posted Radiological Hazard using common designator such as 

Contamination Area = CA 
Radiation Area = RA 
Radioactive Material Area = RMA 
Airborne Radioactivity = ARA 

9. The use of Greek alphabet and other nuclear industry standard 
nomenclature (e.g., “k” = 1000) is acceptable when documenting surveys. 

10.1.2 Survey Log Number Book: 

1. Survey log number book is to be used to assign a unique sequential 
number to each survey form package.  This number provides the ability to 
track individual surveys as well as ensuring the submittal of a complete 
documentation package for archiving. 

2. Unless otherwise directed by the RSO, survey numbers will be assigned 
with the following format: 

NFSSyyRS.xxxx 

“NFSS” corresponds to “Niagara Falls Storage Site, ” yy is the last two 
digits in the year, “RS” refers to “Radiological Survey,” and xxxx refers to 
the sequential survey number. 

3. As surveys are generated, the RPT will take the next sequential number on 
the form and fill in the remaining boxes with a brief description of the 
reason for the survey as well as the date and RPT’s initials. 

10.1.3 Radiation Surveys 

1. Indicate GA dose rates by underlining the radiation level on the Survey 
Form at the appropriate location (Example: 25  uR/hr). 

2. Indicate CONTACT dose rates by recording the radiation level with an 
asterisk on the Survey Form at the appropriate location (Example: 
* 25 ur/hr).  If there are corresponding 30 cm and GA readings, document 
them as follows: 

* CONTACT / @ 30 cm / GA 

3. Use a legend to inform the reviewer of any other notation utilized or if 
deviating from standard protocol. 

10.1.4 Contamination Surveys 

1. Indicate survey locations by placing sequential numbers within a circle on 
the Survey Sheet.  The Survey Sheet has corresponding direct and 
transferable columns for both alpha and beta / gamma activity. 

2. Use a legend to inform the reviewer of any other notation utilized or if 
deviating from standard protocol. 

3. The use of the letter “k” to indicate units of a thousand is acceptable. 
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10.2 Technician Review and Evaluation 
10.2.1 After completing the surveys, evaluate the results against previous surveys or 

anticipated results. 

10.2.2 Verify that radiological boundaries and postings are correct in accordance with 
RPP-102, "Radiological Posting Requirements." 

10.2.3 Take any immediate actions required based on survey results. 

10.2.4 Ensure all relevant supporting documentation (e.g., count room print-outs, etc.) 
are attached to the survey package and that the package is properly paginated. 

10.2.5 Submit documentation to the RSO or designee for supervisory review. 

10.3 Supervisory Review 
10.3.1 Ensure that the survey form is complete and legible. 

10.3.2 Ensure that all required information has been completed. 

10.3.3 Ensure that any changes, single line cross-outs, or deletions are initialed and dated at 
time performed. 

10.3.4 Verify that results are consistent with those anticipated. 

10.3.5 If results are not consistent, ensure that appropriate actions have been taken to 
explain the results or re-examine the area. 

10.3.6 Sign-off in the appropriate review section of the survey form and submit package to 
RP Document Control for retention / transmittal to Project Files. 

11.0 ATTACHMENTS 
Note:  Attachments may be revised without formal review of this procedure and are attached as 
examples only.  Please contact the RSO for a current copy of these attachments. 

Attachment 1 PESI Survey Form (Typical) 

Attachment 2 PESI Survey Log Number Form (Typical) 
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Attachment 2 (Typical) 
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TITLE: Measurement of Airborne 
Radioactivity

NO.:

PAGE:

DATE:

APPROVED:

1.0 PURPOSE  
This procedure establishes the basis and methodology for the placement and use of air 
monitoring equipment, as well as the collection, analysis, and documentation of air samples. 
Radiological air sampling and analysis is performed to monitor concentrations of radionuclides 
in the air for purposes of tracking internal radiation exposure to occupational radiation workers, 
determining appropriate respiratory protection devices, establishing radiological posting 
boundaries, verifying effluent airborne radioactivity concentrations, and providing information 
on radiological conditions in the work area. 

2.0 APPLICABILITY 
This procedure applies to all radiological air monitoring activities performed in support of 
Perma-Fix Environmental Services (PESI) activities. 

3.0 REFERENCES  
1. Title 17, California Code of Regulations, Division 1, Chapter 5, Subchapter 4 “Standards 

for Protection Against Radiation.”

2. Perma-Fix Environmental Services (PESI), “Radiation Protection Plan (RPP)

3. Rock, R.L., Sampling Mine Atmospheres for Potential Alpha Energy Due to the 
Presence of Radon-220 (Thoron) Daughters, Informational Report No. 1015, United 
States Department of the Interior, Mining Enforcement and Safety Administration, 1975. 

4. Kusnetz, H.L., Radon Daughters in Mine Atmospheres, A Field Method for Determining 
Concentrations, Am. Ind. Hyg. Assoc. Quat., Vol. 17, No. 87, 1956. 

5. ANSI N13.1, Guide to Sampling Airborne Radioactive Materials in Nuclear Facilities. 

6. Regulatory Guide 8.25, Air Sampling in the Workplace. 

7. 29 CFR 1910.1096, United States Occupational Health & Safety, Ionizing Radiation. 
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4.0 DEFINITIONS 
Airborne Radioactivity: Radioactive material in any chemical or physical for that is dissolved, 
misted, suspended, or otherwise entrained in air. 

Ambient Air: Air in the volume of interest, such as room atmosphere, as distinct from a specific 
stream or volume of air that may have different properties.

Annual Limit on Intake (ALI): The derived limit for the amount of radioactive material taken 
into the body of an adult worker by inhalation or ingestion in a year.  ALI is the smaller value of 
intake of a given radionuclide in a year by the reference man that would result in a committed 
effective dose equivalent (CEDE) of 5 rems or a committed dose equivalent (CDE) of 50 rems to 
any organ or tissue. 

Breathing Zone (BZ): A uniform description of the volume of air around the worker’s upper 
body and head which may be drawn into the lungs during the course of breathing. 

Committed Dose Equivalent (CDE): The dose equivalent to tissues or organs of reference that 
will be received from an intake of radioactive material by an individual during the 50-year period 
following the intake. 

Committed Effective Dose Equivalent (CEDE): The sum of committed dose equivalents 
(CDEs) to various tissues in the body, each multiplied by the appropriate weighting factors found in 
10 CFR 20. 

Derived Air Concentration (DAC): The concentration of a given radioactive nuclide in air 
which, if breathed by the reference man for a working year of 2000 hours under conditions of light 
work (1.2 m3 of air per hour), would result in an intake of one (1) ALI. 

DAC-hour (DAC-hr): The product of the concentration of radioactive material in air 
(expressed as a fraction or multiple of the DAC for each radionuclide) and the time of exposure 
to that radionuclide in hours.  A facility may take 2000 DAC-hr to represent 1 ALI. 

Grab Sample: A single sample of ambient air collected over a short time. 

Maximum Permissible Concentration (MPC): That concentration of radionuclides in air or 
water that will result in the Maximum Permissible Body Burden or Organ Burden and result in a 
whole body or organ receiving the annual dose limit if breathed in by a worker for 2000 hours. 

Monitoring: The measurement of radiation levels, airborne radioactivity concentrations, 
radioactive contamination levels, quantities of radioactive material, or individual doses and the 
use of the results of these measurements to evaluate radiological hazards or potential and actual 
doses resulting from exposures to ionizing radiation. 

MPC-hour (MPC-hr): The product of the concentration of radioactive material in air 
(expressed as a fraction or multiple of the MPC for each radionuclide) and the time of exposure 
to that radionuclide in hours. 

Occupational Dose: An individual’s ionizing radiation dose (external and internal) received as 
a result of that individual’s work assignment.

Protection Factor: The degree of protection given by a respirator.  The protection factor is used 
to estimate radioactive material concentrations inhaled by the wearer and is expressed as the ratio 
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of ambient concentration of airborne radioactive materials to the concentration that can be 
maintained inside the respirator during use. 

Representative: Sampling in such a manner that the sample closely approximates both the 
amount of activity and the physical and chemical properties of the material (e.g., particle size and 
solubility in the case of aerosol to which workers are exposed).  Air sampling performed within 
the Breathing Zone (BZ) is considered representative of the airborne radioactive material 
concentration inhaled by the worker. 

Restricted Area: An area to which access is limited to protect individuals against undue risks 
from exposure to radiation, radioactive materials, and chemical contaminants.  All posted 
radiological or chemical areas are Restricted Areas. 

5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

Manages the implementation of this procedure. 

Ensures technicians performing activities under this procedure are competent and 
have sufficient experience to perform assigned tasks.  

5.2 Radiation Protection Technician (RPT) 
Initiates, collects, submits, counts, and documents air samples according to the 
requirements of this procedure, and the SSHP.  

Ensures he / she has sufficient experience and / or knowledge to perform assigned 
duties under this procedure. 

6.0 PRECAUTIONS AND LIMITATIONS 
Running air samplers for extended periods may cause excessive dust loading of the filter 
media.  The frequency of filter change-out should be increased if excessive dust loading is 
observed. 

Air samplers shall not be used in combustible / explosive atmospheres. 

Air sampling and sample counting equipment shall not be operated beyond their respective 
calibration periods. 

Air samples shall be taken in such a manner as to not contaminate the filter with materials 
that were not airborne during the sample interval or by re-suspension of loose 
contamination from surfaces near the sampling head. 

Sampler exhaust may cause the re-suspension of loose surface contamination if the 
sampler is positioned improperly. 

Consider higher volume air samplers when covering short duration tasks. 

The decision to provide individual monitoring devices to workers is influenced by the 
expected levels of intake, likely variations in dose among workers, and the complexity of 
measurement and interpretation of results. 
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7.0 ACTION STEPS 
7.1 Air Monitoring Methods 

1. Utilize the following monitoring methods to implement the radiological air 
monitoring program: 

General Area (GA) Air Monitoring 
Breathing Zone (BZ) Air Monitoring 
Passive Radon Monitoring 
Particulate Radon Grab Samples 
Perimeter Monitoring, frequently referred to as Air Environmental (AE) 

 2. Air sampling equipment should be placed so as to: 

Not directly contact a contaminated (transferable) surface. 
Minimize interference with the performance of work. 
Be easily accessible for changing filters and servicing. 
Be downstream of potential release points. 
Minimize the influence of supply airflow. 

 3. An airflow study of any indoor area to be monitored should be performed prior to 
placement of the sampler (other than BZ samplers).  Additional studies should be 
performed after changes in the work area setup, ventilation systems, or seasons, if 
seasonal changes may affect airflow patterns. 

 4. Perform BZ air sampling in occupied areas where, under typical conditions, a 
worker is likely to be exposed to an air concentration of 10 % or more of the DAC. 

7.2 General Area (GA) Air Sampling 
1. GA samples are typically taken with low volume samplers such as LV-1 or 

equivalent.  Specific instructions on the use and calibration of the LV-1 sampler 
are detailed in RP-110 Operation of Low Volume Air Samplers.

 2. GA sampling shall be performed with instrumentation operating at volumes 
capable of meeting the Minimum Detectable Concentration (MDC) values 
established in the Technical Basis Document for Dosimetry and Air Sampling. 

 3. GA samples should be collected: 

During work activities as a supplement to Breathing Zone (BZ) sampling as 
deemed appropriate. 

At site boundaries to confirm effluent air discharge concentrations.  These 
are the Air Environmental (AE) type samples. 

At discharge points to determine the worst case airborne radiological 
conditions. 

4. Document airflow studies, if performed in the appropriate project logbook or as 
directed by the RSO. 
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5. Select a calibrated low / high volume sampler with the appropriate glass fiber air
filter and place the sample head into position.  The fuzzy side of the filter should
face outwards.

6. Turn the sampler ON.  At a minimum, document the following information on the
air filter envelope or log sheet:

Sampling station identifier (as determined by the RSO)
Sampler model
Serial number
Date / time on
Flow rate
On by (individual starting sampler)

7. When air monitoring is complete, observe the sampler flow rate and turn the
sampler off.  At a minimum, document the following information on the air filter
envelope or logsheet:

Date / time off
Flow rate
Off by (individual terminating sample)

8. Remove and / or replace the sample head and filter using caution to prevent
cross-contamination.

9. Store the filter in a protective container to minimize the loss of collected material.

10. Submit sample to counting lab for analysis.

7.3 Breathing Zone (BZ) 
1. Specific instructions on the use and calibration of Lapel Samplers are detailed in

RP-110 Operation of Low Volume Air Samplers.

2. Collect BZ samples during entries into posted airborne radioactivity areas and
during activities which have a reasonable potential of producing airborne
radioactivity (e.g., excavating contaminated soils, surface destructive activities on
surfaces with fixed contamination) as determined by the RSO.

3. Position the sampler on the individual representative of the worst-case exposure
for the group if a single lapel sampler is used for multiple members of a work
group.  Base this selection on operating experience and consultation with the RSO.
A single lapel sampler should be used for a group of no more than four workers
spending greater than one hour in the work area under the same RWP.

4. Ensure the sample head is positioned as close to the breathing zone as practical
without interfering with the work or the worker.

5. Operate lapel samplers according to the appropriate instrument use procedure.  At
a minimum, document the following information on the air filter envelope or log
sheet:

Wearer’s name(s)
Applicable Hazardous Work Permit (HWP) number
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Sampler model / serial numbers 
Date / time On 
Flow rate (sampler must be running) 
On by (individual starting sampler) 

 6. Upon exit from the work area, note the flow rate, turn the sampler OFF and detach 
from the worker / object. Note that sampling may be suspended / restarted during 
the workday to facilitate break periods.  Accurate volume tracking is crucial during 
these periods of non-operation. 

7. Perform necessary post-operation sampler checks according to the specific 
instrument use procedure. 

8. Carefully, remove the air filter from the sample head and place in air filter 
envelope.  Complete the pre-printed air filter envelope or sample log sheet: 

Date / time off 

Flow rate 

Off by (individual stopping sampler) 

 9. Submit sample to Counting Room for analysis. 

7.4 Radon and Thoron Progeny 
1. High volume or low volume grab samplers such as HV-1, LV-1, or RAS-1 

(typically in the 35-75 lpm range) should be used for collecting radon and thoron 
samples. 

2. Radon and thoron samples should be collected: 

During work activities as deemed appropriate by the RSO or designee. 

At restricted area boundaries as deemed appropriate by the RSO or designee. 

Each frequently occupied work location should have its own samplers. 

Airflow patterns should be considered in placing samplers so that the 
sampler is likely to be in the airflow downstream of the source. 

A simultaneous background sample shall be taken upwind of all activities 
when radon and thoron sampling is performed.  This sample is critically 
important. 

When collecting a radon and thoron breathing zone sample, the sampler 
should be located in the breathing zone for the worker.  Preferably it should 
be held immediately downwind of the worker and moved around with the 
worker. 

 3. Select a calibrated high volume sampler with a 47 mm filter and place the sample 
head into position.  The preferred filter is a membrane filter such as the F&J 
Specialty Products, Inc. model number A020A047A or equivalent.  Alternatively, a 
glass fiber filter such as the F&J Specialty Products, Inc. model number AE-47 or 
equivalent can be used 
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 4. Turn the sampler ON and complete the required information on the air filter 
envelope to include: 

RWP number, if appropriate 
Sampler model and serial number 
On date, time, and flow rate 
On by (site worker initials) 
Sample location  

 5. Collect a sample for exactly 5 minutes, with no more than a 5-second uncertainty.  
Exercise caution when handling sample head so as not to cross-contaminate the air 
filter. 

 6. Remove air filter from sample head and place in air filter envelope.  Complete the 
required information on the air filter envelope including: 

Off date, time, and flow rate 
Site worker stopping the sampler 

 7. Submit the sample to the counting room within 30 minutes after collection.  
Samples must be counted between 40 and 90 minutes, or they will be void. 

 8. Analyze the sample in accordance with Sections 8.1 or 8.2, whichever is 
appropriate. 

 9. Alternate industry-accepted methods for Radon-Thoron monitoring may be used at 
the discretion of the RSO with concurrence from the Project Certified Health 
Physicist. 

7.5 Perimeter Environmental Air (AE) Sampling 
 1. Perimeter samples are taken with low volume samplers such as LV-1 or equivalent.  

Specific instructions on the use and calibration of the LV-1 sampler are detailed in 
RP-110 Operation of Low Volume Air Samplers.

 2. Perimeter samples are collected to verify compliance with off-site release criteria. 

 3. Samples are collected at locations designated by the RSO. The air sampling 
locations should be established at the most likely downwind perimeter boundary, 
as determined by evaluation of local meteorological data, and / or the nearest 
perimeter boundary from active work areas. 

 4. Perimeter samplers should be operated 24 hours a day 7 days a week if possible.

 5. Filters from continuously operating perimeter air samplers are normally changed 
out weekly. Filter change-out of perimeter air samplers will be performed at a 
frequency long enough to ensure acceptable counting statistics and short enough to 
maintain consistent sampler flow rates. 

 6. Perimeter sampler operation shall be verified on a daily basis around locations 
when airborne generating activities are in progress.  This requirement may be 
relaxed by the RSO for samplers with data logging capability. 
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7. Document daily verification (i.e., flow rate) and notify the RSO of any
discrepancies.  Replace filter and investigate pump operation if daily flow rates
vary by greater than 20%.

8. Any sampler that is out of service due to malfunction for more than 1 hour and any
invalid samples should be brought to the attention of the RSO.

9. Samples are to be collected in accordance with Section 7.2, Steps 5-10.

7.6 Passive Radon Monitoring 
1. Passive radon monitoring methods include the use of either alpha track-etch

detectors or electrets.

2. Detectors should be placed for a length of time, so that the minimum detectable
concentration is 0.1 pCi/l or less, following manufacturer guidelines.  The length
of placement is generally 1 month or greater.  Locations selected should be
representative of the breathing zone, when practical. A simultaneous background
sample should always be taken at a location unaffected by site activities.  This
sample is critically important.

3. Open the bag containing the detector and place the detector in a protective
container to allow for air circulation.  Follow manufacturer guidelines to activate
the detector, as necessary.

4. Record in the logbook:

Sample location
Date and time of placement
Serial number of the detector
Initials of the worker placing the detectors

5. Ship the detector to the manufacturers processing center to read the results.

8.0 ANALYSIS OF AIR SAMPLES 
General Area (GA), Breathing Zone (BZ), and Perimeter Air (PA) samples should be submitted 
to a counting room or off-site laboratory for gross alpha/beta analysis.  Samples may be sent to 
an outside laboratory for isotopic analysis as necessary per the RSO.   

8.1 Analysis for Radon and Thoron Progeny from a 5-Minute Low 
Volume Grab Sample 
8.1.1 Count the sample twice for alpha activity using a Ludlum 2929, Ludlum 2000, or 

Equivalent. The first count should start at least 40 minutes after the end of the 
sample, but not greater than 90 minutes at the end of sample collection.  The 
second count should start at least 5 hours after the end of the count, but not greater 
than 17 hours after the end of the first count.  Count the sample for 5 minutes each 
time. 

NOTE: It is not recommended that a gas flow proportional counter be used for 
this analysis as there is a reasonably high probability of contaminating the 
instrument with radon and / or thoron progeny. 
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8.1.2 Calculate the thoron progeny (TDC) in working levels from the delayed (second) 
count as follows: 

Th

net

FSAFCEVE
cpmTDC

where, 
cpmnet = (gross counts/count time) - background cpm of counting 

instrument 
V = Volume of air in liters 
E = efficiency of counting instrument 
CE = Filter collection efficiency (normally 0.998) 
SAF = Self absorption factor (normally 0.7 for glass fiber filters and 1.0 

for membrane filters) 
  FTh = Working level factor from Graph 1 (Attachment 1). 

 8.1.3 Calculate the radon progeny (RDC) in working levels from the first count as 
follows: 

Rn

net

F

xTDC
SAFCEVE

cpm

RDC
5.16

where,  
cpmnet = (gross counts/count time) - background cpm of counting 

instrument 
V = Volume of air in liters 
E = efficiency of counting instrument 
CE = Filter collection efficiency (normally 0.998) 
SAF = Self absorption factor (normally 0.7 for glass fiber filters and 1.0 

for membrane filters) 
     FRn = Radon working level factor from Graph 2 (Attachment 2). 

   TDC = Thoron Progeny determined from second count. 

8.2 Alternate Method for the Analysis of Radon Progeny from a 
5-Minute Low Volume Grab Sample 
This section only applies to the determination of radon and not the determination of thoron. 

8.2.1 Count the sample once for alpha activity using a Ludlum 2929, Ludlum 2000, or 
Equivalent. The count should start at least 40 minutes after the end of the sample, 
but not greater than 90 minutes at the end of the count. Count the sample for 5 
minutes. 

  NOTE: It is not recommended to use a gas flow proportional counter for this 
analysis as there is a reasonably high probability of contaminating the instrument 
with radon and / or thoron progeny. 
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8.2.2 Calculate the radon progeny (RDC) in working levels from the first count as 
follows: 

Rn

net

FSAFCEVE
cpmRDC

where,  
cpmnet = (gross counts/count time) - background cpm of counting 

instrument 
V = Volume of air in liters 
E = efficiency of counting instrument 
CE = Filter collection efficiency (normally 0.998) 
SAF = Self absorption factor (normally 0.7 for glass fiber filters and 1.0 

for membrane filters) 
     FRn    = Radon working level factor from Graph 2 (Attachment 2). 

9.0 REPORTS 
Maintain air monitoring instrument data, sampling data, and analysis results as a quality record. 

10.0 ATTACHMENTS 
Attachment 1 Graph 1, Thoron Working Level Factors 

Attachment 2 Graph 2, Radon Working Level Factors 
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ATTACHMENT 1 
GRAPH 1, THORON WORKING LEVEL FACTORS

Time factors versus time after sampling for thoron daughter samples.  
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ATTACHMENT 2 
GRAPH 2, RADON WORKING LEVEL FACTORS
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DATE: May 2014

APPROVED:

______________________________________5/31/14_____
Technical Services Manager                           Date 

______________________________________5/31/14___
Corporate Certified Health Physicist               Date 

1.0 PURPOSE 
This procedure specifies the methods for set-up, daily pre-operational check, and operation of 
portable count-rate survey instruments.  These instruments are used for the detection of 
radioactivity on personnel, on or within material surfaces, and in the environment.  This 
procedure does not include associated instrument calibrations or cover the operation of exposure 
rate instruments. 

2.0 APPLICABILITY 
This procedure specifically addresses those meter-probe combinations that report values in units 
of counts or counts per minute (cpm) such as Ludlum Measurements models 2221 and 2241 
Scaler-Ratemeters; and the Ludlum Model 177 Alarming Ratemeter or equivalent.  These meters 
are mated to probes including the Ludlum Model 44-10, 44-20, and 44-62 NaI Detectors, the 
Ludlum Model 43-5 Alpha Scintillation Detector, and the Ludlum Model 44-9 Pancake Geiger-
Mueller detectors or equivalent. Additional equivalent meters and probes may be used under this 
procedure without revision as approved by the RSO. 

3.0 REFERENCES  
1. ANSI N323A-1997, Radiation Protection Instrumentation Test and Calibration, 

Portable Survey Instruments. 

2. Instrument Technical Manuals. 

3. Perma-Fix Environmental Services  (PESI) Radiation Protection Plan (RPP) 

4. RP-104, Radiological Surveys 

4.0 DEFINITIONS 
cpm:  counts per minute 

DFSCL:  Daily Field Source Check Logsheet. 

dpm:  disintegrations per minute 

HV:  High Voltage 
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MDA:  Minimum Detectable Activity 

5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

Reviewing and approving changes to this procedure and ensuring compliance 
with applicable regulations. 

Ensuring an adequate inventory of Radiation Protection instruments are available 
to support remediation activities. 

Overseeing the issue, control, and accountability of Radiation Protection 
instrumentation per the requirements of this procedure. 

Ensuring transmittal of all issue, control and accountability records to the 
appropriate document control authority when applicable. 

5.2 Radiation Protection Technician (RPT) 
Maintaining instrument documentation and records as required by this procedure. 

Maintaining adequate instrument and equipment availability. 

Verifying current calibration and response test dates prior to issue or use of 
instruments. 

Promptly returning instruments to their proper location when work is complete. 

Ensuring that instruments are properly surveyed for contamination and 
decontaminated as necessary after use. 

6.0 PREREQUISITES 
Only personnel with appropriate documented training shall issue or use RP instrumentation. 

Instruments and detectors shall be inspected for mechanical damage, and response tested 
prior to issue. 

Any instrument to be used shall have a current calibration label affixed to the instrument. 

7.0 PRECAUTIONS AND LIMITATIONS 
Portable count rate survey instrumentations are susceptible to damage from physical and 
environmental stresses. 

QA/QC requirements established by an approved survey plan (e.g., Master Final Status 
Survey Plan) supercede the requirements of this procedure. 

8.0 APPARATUS 
Appropriate survey instruments 

9.0 RECORDS 
Portable Instrument Set-Up Sheet 
Daily Field Source Check Logsheet 
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10.0 PROCEDURE 
10.1 General 

1. Ensure the meter-probe combination selected is within their acceptable calibration
periods.  The swapping of probes between meters is permitted, but not encouraged.
The following precautions and limitations must be observed and the following
action steps must be taken:

If the meter-probe combination is calibrated as a set, Probe swapping is
not permitted, without specific RSO approval.

The HIGH VOLTAGE (HV) and THRESHOLD settings for the
meter-probe combination shall be identical.  Note that the Ludlum 177 and
2241 do not have user adjustable settings for HV and THRESHOLD.

An initial set-up must be performed for each meter-probe combination
prior to field use.

A source with known pedigree must be counted to verify the efficiency is
within 10% of the calibrated efficiency, as applicable.

2. The RP Group will coordinate the calibration of boxes and probes on a minimum
annual basis and after major repair operations.  Battery and / or cable change-outs
do not require re-calibration.  Calibration procedures are outside of the scope of
this instruction.

3. Pre-operational checks are required daily prior to use.  Post-operational checks are
performed as specified in work plans or procedures.  Instruments used in the
performance of daily activities do not normally require a post-operational check..

4. Instruments that fail operational checks or malfunction during use should be tagged
or labeled “Out-of-Service” or “Do Not Use” and segregated from operational
instruments.  If possible, describe the problem on the tag / label and add initials and
date.

5. Instruments leaving RP Group control (i.e., repair, calibration, excess, etc.) shall be
surveyed for unconditional release according to the contamination criteria
established in Table 1 of the Site RPP.  The repair / calibration center may request
a copy of the survey accompany any shipments of RP instruments.

6. Ensure meters with a “WINDOW” or “WIN” setting are set to “OUT.”

7. Instruments may be operated in the FAST response mode if necessary.  This
setting is recommended if the audible response cannot be heard.  SLOW response
shall be used when performing instrument set-up and operational checks.

8. Ludlum NaI crystals are located in the end of the probe opposite of the cable
connection.  Use this end for surveys.

9. Calibration stickers are attached to the instruments and detectors.  Illegible stickers
should be replaced prior to instrument use.

10. Instrument set-up and subsequent operational checks should be performed in
the same location, with consistent temperature and background radiation levels.
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11. Source positioning devices (i.e., jigs) may be used to ensure a reproducible 
geometry between instrument checks.  Source geometry must be consistent 
between initial instrument set-up and subsequent operational checks. 

12. Instruments that do not have scaler capability should be set-up and checked by 
replacing 1-minute timed counts with static count rate measurements.  Each static 
measurement should last until the meter reading fully stabilizes. 

10.2 Instrument Set-Up 
1. Inspect the meter-probe combination for physical damage or defect. 

2. Complete Section A of the Portable Instrument Set-Up Sheet (Attachment 1). 

3. Perform 10 1-minute source counts alternating with 10 1-minute background 
counts.  Remove / replace the source and reposition the probe after each count.  
During alternating background counts, ensure that the source is sufficiently 
shielded so as not to impact background values. 

NOTE:  Counts (Source and Background) performed with a Ludlum 43-5, or 
other large surface area probe, should be alternated between the Heel, Center, 
and Toe Positions, if the source surface is smaller than the active surface area of 
the probe.  Instrument response can vary greatly across the probe surface. 

4. Document each count on the Portable Instrument Set-Up Sheet. 

5. Calculate and record the net count value by subtracting the corresponding 
background count from each source count. 

NOTE:  Determining Sigma (Standard Deviation) values is useful when 
specific plans or activities require higher data quality objectives and / or when 
the development of control charts is necessary.  

6. Calculate and record the following values from the obtained background 
counts:

Avg. Value (Sum of values / # of counts) 
Sigma Value (Standard Deviation of all counts) 
20% Value (Avg. Value * 0.20) 

7. Calculate and record the +/- 20% Values and the +/- 1,2, and 3 Sigma values using 
the AVG. VALUE as a reference point. 

8. Repeat the previous two steps for determining NET COUNT acceptable ranges. 
The 3 Sigma value must be less than the +/- 20% value. 

9. Obtain a blank Daily Field Source Check Logsheet (DFSCL) (Attachment 2) and 
transfer the instrument, source, and acceptable range data, as applicable, from the 
Portable Instrument Set-Up Sheet. 

10. Place the DFSCL in the designated use location and forward the completed 
Portable Instrument Set-Up Sheet and submit to the RSO, or designee for review. 

11. Ensure sources are stored properly after use in the designated source storage 
location.
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10.3 Operational Check 
1. Obtain the selected meter-probe combination and corresponding DFSCL 

(Attachment 2). 

2. Record the date and time on the DFSCL. 

3. Perform and document the following checks on the DFSCL, as applicable: 

Perform a physical inspection.  Observe for instrument damage.  Alpha 
probes should be checked for light leaks by inverting the probe face 
towards a light source and observing instrument response.  If the 
instrument fails to respond at all or over-responds this may be an 
indication of a light leak and should be investigated further, prior to 
proceeding.

Perform a battery check.  Instrument Models differ in method.  Some 
meters have a visible battery range on the meter face.  The Ludlum 
Model 2241 has a battery indicator in the digital display that lights if the 
batteries require replacement.  The Ludlum Model 2221 has a BAT 
button that brings up the battery level in the digital display.  Ensure this 
value is at least 5.0v.  Change batteries and retest as necessary. 

Verify and adjust the HV, when possible, to match the initial set-up 
data.  Minute differences in HV (+/- 5v) are acceptable without 
adjustment. 

Perform an audio response check.. 

4. Perform and record a 1-minute background count.  Report any abnormal 
background responses to the RSO, prior to instrument use.  Normally acceptable 
background levels < 5 cpm for alpha probes, and < 300 cpm for Pancake G-M 
probes.  Acceptable background levels for NaI probes are variable due to crystal 
size and based on technician experience. 

5. Perform and record a 1-minute source gross count using the same source and 
geometry applied during initial set-up. 

6. Calculate and record the net count value. 

7. Compare the net count value to the acceptable range.  If the instrument response is 
outside the acceptable range, the process may be repeated a maximum of 
1 additional time before placing the instrument out-of-service. 

8. If the instrument fails the pre-operational checks, mark FAIL, initial the DFSCL, 
and place the instrument out-of-service.  Deliver completed DFSCL to the RSO or 
designee, and explain the failed condition(s). 

9. If all checks pass, mark PASS, initial the DFSCL, and return form to designated in-
use storage location.  This may be a binder, folder, or cabinet.  The instrument is 
now ready for use. 

10. If the instrument will be used for routine personnel exit monitoring ensure the 
alarm threshold is set to alarm and actuates at a level below the site removable 
contamination limits identified in Table 6-1 of the Site Safety & Health Plan 
(SSHP).  Make adjustments as necessary. 
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11. Ensure sources are stored properly after use in the designated source storage 
location.

10.4 Operations 
1. Operate instrument in a manner that minimizes the potential for 

cross-contamination and physical damage. 

2. Evaluate the surface or area to be surveyed for potential scanning interferences.  
For example, thin layers of water or soil can prevent the detection of alpha 
contamination.  Another example is the use of a NaI probe to qualify soil 
contamination.  The presence of standing water can have a significant impact 
on instrument response.  Initiate necessary corrective actions prior to survey or 
note conditions during survey reporting. 

3. Most instruments will operate in temperatures between 10 and 120 degrees 
Fahrenheit.  However, anytime the temperature is outside of the 32 degree 
(freezing) or 100 degrees ranges, observe the following precautions: 

Use particular caution with NaI crystals that may shatter under 
extreme temperature changes.  If the temperature difference is 
greater than 30 degrees between storage and usage locations, wrap 
the probe tightly in a cloth towel or other insulator and allow 
warming or cooling over at least one hour prior to use. 

Periodically check the instrument against a known source of 
radiation or contamination.  If the instrument appears to be 
responding incorrectly contact the RSO or designee for guidance. 

Contact the RSO for guidance anytime work is planned outside of 
the 10 to 120 degree range. 

4. Protect instruments to the extent possible from exposure to moisture (i.e., rain, 
snow, etc.) during use.  Instruments shall be stored in a safe manner when not 
in use. 

5. Minimum Detectable Activities (MDA) for each survey should be determined 
by evaluating field background levels, not background values obtained during 
operational checks.  Calculate MDA using the formula provided in PP-8-805, 
“Radiological Surveys.” 

6. Determining activity in disintegrations per minute (dpm) should be performed 
using the instrument efficiency obtained during calibration.  Efficiencies are 
normally not established for NaI probes, and therefore should not be used for 
quantifying activity concentrations.  The use of NaI probes for activity 
quantification shall be evaluated by the RSO prior to performance. 

7. Observe the following when performing survey scans and static measurements: 

Alpha probes should be held within ¼-inch of the surface being 
surveyed.  Probe speed should not exceed 1 probe width per second. 

Beta probes should be held within ½-inch of the surface being 
surveyed.  Survey speed should not exceed one probe width per 
second.
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NaI probes should be held as close as possible to the surface being 
surveyed without contaminating the probe housing.  Note that the 
crystal is located in the probe end opposite the cable connection.  
Use appropriate sleeving or wrapping in wet or dirty environments. 

The scan speed for performing Gamma Walkover Surveys is 
approximately 0.5 m/sec.  Move the detector side to side using a 1-
meter path length.  Each side-side swing should take 2 seconds to 
traverse the 1-meter path.  Advance the probe forward as you go at a 
rate of approximately 0.5 m/sec. Use the audio function.  When 
increased counts are detected, slow down and locate the source as 
would be done in a normal survey.  Walk parallel paths to ensure that 
100% of the area is surveyed.  Ensure that the survey extends to the 
boundaries of the survey unit.  Pay particular attention to low lying 
areas, ditches, and points of possible contamination. 

Static measurements should be performed in any location were scans 
indicated the presence of activity.  This is due to the fact that 
instrument MDAs are normally based on a 1-minute static 
measurement. 

All static measurements should be at least 1 minute, if the instrument 
has a scaler function.  If the instrument is a ratemeter only, static 
measurements should last until the meter reading has fully stabilized. 

8. Perform a post-operational check after use if directed by work plan, procedure, 
or the RSO. 

11.0 ATTACHMENTS 
Note:  Attachments may be revised without formal review of this procedure and are attached as 
examples only.  Please contact the RSO for a current copy of these attachments. 

Attachment 1 Portable Instrument Set-Up Sheet (Typical) 

Attachment 2 Daily Field Source Check Logsheet (Typical) 
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Attachment 1 
Portable Instrument Set-Up Sheet (Typical) 
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PORTABLE INSTRUMENT SET-UP SHEET 
Set-Up Location: ______________ _ 

INSTRUMENT DATA 
COUNT 

Source Counts 
Source Count Time 

Source CPM Background Counts 
Background Count 

Background CPM NETCPM 
(n) (min) Time (min) 

INSTRUMENT DETECTOR 1 
MODEL 

SERIAL# 2 
CAL DUE 

HV 
3 

THRESHOLD 

SOURCE DATA 4 

ISOTOPE 5 

6 

SERIAL# 

7 

ACTIVITY 
8 

(uCi) 

9 
ACTIVITY 

(dpm) 
10 

REMARKS CALCULATED VALUES ACCEPTABLE RANGES 

Background (CPM) NetCPM Background (CPM) NetCPM 

+20 % 
Average 

+ 3Sigma 

+2 Sigma 
+/- Sigma 

+ 1 Sigma 

-1 Sigma 
+/-20 % 

- 2 Sigma 

- 3 Sigma 

-20 % 

Performed By: Date/ Time: Reviewed By: Date / Time: 
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DAILY FIELD SOURCE CHECK LOG 
MONTH / YEAR: ------------
INSTRUMENT DATA Date/Time Physical Battery 

High 
Audio 

Background Source CPM {B} NetCPM {C} PASS or FAIL 
Tech. 

Voltaqe CPM{A} Initials 

INSTRUMENT DETECTOR 

MODEL 

SERIAL # 

CAL DUE 

SOURCE DATA 

ISOTOPE 

SERIAL # 

ACTIVITY 

dpm 

INSTRUMENT RANGES 

Backqround Net CPM 

+ 20 % 

+ 3 Sigma 

+ 2 Sigma 

+ 1 Sigma 

- 1 Sigma 

- 2 Sigma 

-3 Sigma 

-20 % 

NET CPM CALCULATION 

{B} - {A} = {C} 

Remarks: Reviewed by: 
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TITLE: Dose Rate Instruments NO.: RP-109

PAGE: 1 of 6 

DATE: May 2014

APPROVED:

______________________________________5/31/14_____
Technical Services Manager                           Date 

______________________________________5/31/14___
Corporate Certified Health Physicist               Date 

1.0 PURPOSE 
This procedure specifies the methods for performing source checks and operating portable 
Gamma scintillation dose rate instruments, specifically, the Ludlum Model 12s uR and the Bicron 
Model Micro Rem. These instruments are used for the evaluation of exposure rates from 
radioactive materials and determining environmental radiation levels. 

2.0 APPLICABILITY 
This procedure addresses those instruments that measure dose rate from a scintillation detector 
and have displays that read in uR/hr, uRem/hr and/or mRem/hr such as Ludlum 12s, Bicron 
Micro Rem, or  Eberline RO-2.  Equivalent instruments that operate in a similar fashion to those 
identified in this section may be operated under this Project Procedure with RSO approval. 

3.0 REFERENCES 
1. ANSI N323-1978, Radiation Protection Instrument Test and Calibration. 
2. Instrument Technical Manuals. 
3. Perma-Fix Environmental Services (PESI) RPP 

4.0 DEFINITIONS 
None

5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

Reviewing and approving changes to this procedure and ensuring compliance with 
applicable regulations. 

Ensuring an adequate inventory of Radiation Protection instruments are available to 
support remediation activities. 

Overseeing the issue, control and accountability of Radiation Protection 
instrumentation per the requirements of this procedure. 
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Ensuring transmittal of all issue, control and accountability records to the 
appropriate document control authority when applicable. 

5.2 Radiation Protection Technician (RPT) 
Maintaining instrument documentation and records as required by this procedure. 

Maintaining adequate instrument and equipment availability. 

Verifying current calibration and response test dates prior to issue or use of 
instruments. 

Promptly returning instruments to their proper location when work is complete. 

Ensuring that instruments are properly surveyed for contamination and 
decontaminated as necessary, after use. 

6.0 PREREQUISITES 
Only personnel with documented training shall issue or use RP instrumentation. 

Instruments and detectors shall be inspected for mechanical damage, and response tested 
prior to issue. 

Any instrument to be used shall have a current calibration label affixed to the instrument. 

7.0 PRECAUTIONS AND LIMITATIONS 
Portable count rate survey instrumentations are susceptible to damage from physical and 
environmental stresses. 

8.0 APPARATUS 
Survey instrument 
Tech source 
Source positioning device (jig) 

9.0 RECORDS 
Daily Field Source Check Log – Exposure Rate Instruments (Attachment 1) 

Exposure Rate Instrument Set-Up Sheet (Attachment 2) 

10.0 PROCEDURE 
10.1 General 

1. Ensure the instrument selected is within their acceptable calibration periods.  
This is indicated on an attached calibration sticker.  Illegible stickers should be 
replace prior to instrument use. 

2. The RP Group will coordinate instrument calibration on a minimum annual 
basis and after major repair operations.  Battery change-outs do not require 
re-calibration. Calibration procedures are outside of the scope of this 
instruction.

3. Pre-operational source checks are required daily, or prior to each intermittent 
use, whichever is less frequent.  Post-operational source checks are performed 
as specified in work plans or procedures.  Instruments used in the performance 
of daily activities do not normally require a post-operational source check. 
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4. Instrument set-up and subsequent operational checks should be performed in 
the same location, with consistent temperature and radiation background levels. 

5. Use a gamma check source with an activity sufficient to produce contact 
exposure rates at least ten times higher than background.  Cs-137 is typically 
since it emits 662 keV gamma rays which are representative of the mid-range 
of gamma energies encountered at NFSS.  Alternate sources may be used with 
RSO approval. 

6. Source positioning devices (i.e., jigs) should be used to ensure a reproducible 
geometry between instrument checks.  Source geometry must be consistent 
between initial instrument set-up and subsequent operational checks. 

7. The Ludlum 12s may be operated in the FAST response mode.  Switch to 
SLOW response for obtaining precise readings. 

8. Internal scintillation crystals are orientated towards the front of the instrument.  
Meter cases have visible indicators showing optimum locations to obtain 
measurements (i.e. effective detector center). 

9. Allow instrument readings to maximize prior to recording instrument reading. 
This may take up to twenty seconds.  Note that the needle may not rest on a 
single value, but may fluctuate slightly between two points on the scale.  If this 
is the case, an average reading should be obtained by summing these two end 
points and dividing by two. 

10. Instruments should be allowed to warm-up for at least one minute prior to 
obtaining readings. 

11. Report any abnormal instrument readings (e.g., unstable analog meter 
fluctuations), or background inconsistencies to the RSO, prior to continuing 
instrument use. 

12. Instruments that fail operational checks or malfunction during use should be 
tagged or labeled “Out-of-Service,” or “Do Not Use,” and segregated from 
operational instruments.  If possible, describe the problem on the tag / label and 
add initials and date. 

13. Instruments leaving RPP Group control (i.e., repair, calibration, excess, etc.) 
shall be surveyed for unconditional release.  The repair / calibration center may 
request a copy of the survey to accompany shipments of RP instruments. 

10.2 Instrument Source Check 
1. Obtain the selected instrument. 

2. Obtain the corresponding Daily Field Source Check Log – Exposure Rate 
Instruments form, Attachment 1.  This form will be referred to as the “Source 
Check Log.”  Initiate a new Source Check Log, if necessary. 

3. Perform a physical inspection of the instrument.  Place particular emphasis on 
the following items: 

Instrument case is not visibly damaged beyond minor scrapes and 
scratches.

Analog display is not cracked or otherwise damaged.  
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Switches and buttons are functional.

Audio, if present, is functional.

Calibration labels are legible and instrument is within calibration period.

4. Note results of physical inspection on the Source Check Log.

5. Verify the battery level is within the acceptable range on the analog display.
Replace batteries and re-verify, as necessary.

6. Note battery check results on the Source Check Log.

7. Verify the high voltage (HV) level is within the acceptable range on the analog
display, if present.  Place the instrument out-of-service if the HV is outside the
acceptable range.

8. Note the HV check results on the Source Check Log.

9. If acceptable background ranges have not been established, perform the
following:

Obtain a blank NFSS Exposure Rate Instrument Set-Up Sheet,
Attachment 2.  This form will be referred to as the “Set-Up Sheet.”

Record the basic source and instrument information at the top of the
form.

Using the instrument and the source jig (without source), obtain and
record ten background readings.  The instrument should be removed
from the source jig and repositioned after each reading is obtained.
Make sure the location where readings are obtained has stable
background levels and is the location used for subsequent source checks.

Calculate and record the average background value and +/- 20% values
on both the set-up and source check logsheets.

10. Obtain and record an average background reading on the source check log.

11. Compare the average background reading to the acceptable range. If
background response is outside this range, report the condition to the RSO for
evaluation, otherwise continue with source check process.

12. Obtain the source to be used for instrument source checks.

13. If acceptable source check ranges have not been established, perform the
following:

Obtain the Set-Up Sheet used to determine acceptable background
ranges for the instrument.

Using the instrument and the source jig (with source), obtain and record
ten contact source readings.  The instrument and source should be
removed from the source jig and repositioned after each reading is
obtained.  Make sure the location where readings are obtained is the
same location where previous background readings were obtained.

Calculate and record the average source value and +/- 20% values on
both the set-up and source check logsheets.
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14. Load the source and instrument onto the source jig. 

15. Obtain and record the  “CONTACT” reading. 

16. Verify the contact reading is within the acceptable range (+/- 20%). 

17. If the contact source reading falls outside the acceptable range, tag the 
instrument out of service and notify the RSO, otherwise continue. 

18. Complete the source check log including technician initials.  The instrument is 
now ready for use. 

19. Ensure sources and forms are stored properly after use in the designated storage 
location.  Forms are retained in RP Instrument logbooks of field files during 
instrument use (i.e. calibration) cycle.  Records are then reviewed by the RSO, or 
designee for completeness and forward to Project Records for retention. 

10.3 Operations 
1. Verify that required source checks have been performed prior to initial instrument 

use.

2. Operate instrument in a manner that minimizes the potential for 
cross-contamination and physical damage. 

3. Limit readings taken while the instrument is positioned sideways to minimize 
the effects of “geotropism” on the analog needle. 

4. Obtain readings by positioning the instrument as close to the detector’s 
“effective center” as possible.  The detector effective center is represented on 
the instrument housing a cross inside a circle on the Bicron Micro Rem, and a 
small circular depression on the Ludlum 12s.  Overall optimum readings are 
collected from the front of the instrument housing. 

5. Most instruments will operate in temperatures between 10 and 120 degrees 
Fahrenheit.  However, anytime the temperature is outside of the 32 degree 
(freezing) or 100 degree ranges, observe the following precautions: 

Be observant of instrument response to background.  If the instrument 
begins to show a decreased response to expected background levels 
contact the RSO, or designee for guidance. 

If practicable, perform a period response check of the instrument against 
a known source of radiation.  If the instrument appears to be responding 
incorrectly contact the RSO or designee for guidance. 

Contact the RSO for guidance anytime work is planned outside of the 10 
to 120 degree range. 

6. Protect instruments, to the extent possible, from exposure to moisture (i.e. rain, 
snow, etc.) during use.  Instruments shall be stored in a safe manner when not 
in use. 

7. Perform a post-operational source check after use, if directed by work plan, 
procedure, or the RSO. 
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11.0 ATTACHMENTS 
Attached forms are examples and may be modified by the RSO, as needed, without revision to 
this procedure. 

Attachment 1 Daily Field Source Check Log – Exposure Rate Instruments (Typical) 

Attachment 2 Exposure Rate Instrument Set-Up Sheet (Typical) 
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MONTH/ YEAR: __________ _ 

INSTRUMENT DATA Date/Time 

INSTRUMENT 

MODEL 

SERIAL# 

CAL DUE 

HV 

SOURCE DATA 

ISOTOPE 

SERIAL # 

ACTIVITY 

uCi 

INSTRUMENT RANGES 

Background Contact Source 

+20% 

- 20% 

Units (Circle One 

uR urem mR mrem R rem 

Remarks: 

FMSS DAILY FIELD SOURCE CHECK LOG 
- EXPOSURE RA TE INSTRUMENTS 

Physical Battery 
High 

Audio Background Contact Source 
Voltage 

Reviewed by: 

PASS or FAIL 
Tech. 
Initials 
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FMSS EXPOSURE RATE INSTRUMENT SET-UP SHEET 

Set-Up Location: 

INSTRUMENT DATA 
READING 

Background Rate Contact Source Rate 
(n) 

CALCULATED AVERAGE AND RANGES 
INSTRUMENT Background Contact Source 

1 

MODEL 

2 
Average + 20% 

SERIAL# 

3 
CAL DUE Average 

DATE 
4 

HV 

5 
Average - 20% 

SOURCE DATA 6 
Units (Circle One) 

ISOTOPE 7 
uR urem mR mrem R rem 

8 
REMARKS 

SERIAL# 

9 

ACTIVITY 
10 

(uCi) 

Performed By: Date/Time: Reviewed By: Date/Time: 
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TITLE: Radioactive Materials Control and 
Waste Management Program

NO.:

PAGE:

DATE:

APPROVED:

1.0 PURPOSE 
This procedure provides guidance and requirements for the control of radioactive materials 
including the management of radioactive waste. The Radioactive Materials Control and Waste 
Management Program applies to the receipt, inventory, storage and handling of radioactive 
materials; the release of materials from Restricted Areas; the control of radioactive sealed 
sources; the control of materials and contaminated tools and equipment entering and/or leaving 
Restricted Areas; and the management of waste including transportation and disposal. 

2.0 APPLICABILITY 
This procedure applies to all PESI Project personnel and all decommissioning projects that 
involve radioactive materials. This procedure does not apply to the monitoring of liquid and 
gaseous effluents, radiological environmental monitoring, or final termination surveys of the 
reactor or facilities. 

3.0 REFERENCES 
1. Title 17, California Code of Regulations, Division 1, Chapter 5, Subchapter 4 

“Radiation.”

2. Title 22, California Code of Regulations, Division 4.5; Environmental Health Standards 
for the Management of Hazardous Waste 

3. California Executive Order D-62-02 regarding disposal of decommissioned materials. 

4. 10 Code of Federal Regulations (CFR) 20; Standards for Protection Against Radiation, 
and Transfer and Disposal and Manifests 

5. 49 CFR, Subchapter C “Transportation – Hazardous materials Regulations”
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6.  40 CFR, Subchapter I  “Solid Wastes”

7.   40 CFR Part 260-273 “Hazardous Waste Management System”

7. USNRC Circular 81-07, "Control of Radioactively Contaminated Materials." 

8. USNRC IE Information Notice No. 80-22, "Breakdowns in Contamination Control 
Programs." 

9. ANSI N13.2-1969, "USA Standard Guide for Administrative Practices in Radiation 
Monitoring (A Guide for Management)." 

10. RP -102, “Radiological Posting Requirements.”

11. RP -104, “Radiological Surveys."

12. RP- 105, “Unrestricted Release Requirements.”

13. RP -114, “Control of Radiation Protection Records.”

4.0 GENERAL

4.1 Discussion 
Radioactive material controls are established to provide positive control of radioactive 
material, prevent inadvertent release of radioactive material to uncontrolled areas, ensure 
personnel are not unknowingly exposed to radiation from lost or misplaced radioactive 
material, and to minimize the amount of radioactive waste material generated during PESI 
activities. 

4.2 Definitions 
Aggregate Material:  Items or materials that by their physical nature do not lend 
themselves to being effectively surveyed using portable instrumentation and require bulk or 
composite survey techniques or representative sampling and analysis. 

Conditional Release of Material:  Items or materials that do not meet unconditional 
release criteria and that are released under the control of Radiation Protection personnel. 

Contamination Area (CA): Means any area with loose surface contamination values in 
excess of the applicable values specified in RP-104 Acceptable Surface Contamination 
Levels that is accessible to personnel, or any additional area specified by the RSO.  The 
Contamination Area posting is defined as more restrictive than Radioactive Material Areas, 
hence all Contamination Area postings are considered to be Radioactive Material postings. 



TITLE:
Radioactive Material Control Program

NO.:
PAGE:

RRP-111 Radioactive Materials Control and Waste Management Plan 

Minimum Detectable Activity (MDA): The smallest amount or concentration of 
radioactive material in a sample that will yield a net count, above system background, that 
will be detected with 95% probability with only 5% probability of falsely concluding that a 
blank observation represents a "real" signal. MDA depends upon the type of instrument, the 
counting geometry, and the radionuclide to be detected. MDA has the same meaning as 
Lower Limit of Detection (LLD). (ANSI N13.3, 1989). 

Radioactive Material: Material activated or contaminated by the operation or remediation 
of the site and by-product material procured and used to support the operation or 
remediation. 

Radioactive Material Area: Any area or room where quantities of radioactive materials 
in excess of ten times the 10 CFR 20 Appendix C quantities are used or stored, or any area 
designated a RMA by the RSO which does not exceed the site Contamination Area criteria. 

Restricted Area: An area to which access is limited to protect individuals against undue 
risks from exposure to radiation, radioactive materials, and chemical contaminants.  All 
posted radiological or chemical areas are Restricted Areas. 

Unconditional Release of Material:  Release of equipment or material to the general 
public.  The equipment and / or material are deemed to meet site release criteria for both 
total and removable contamination. 

5.0 RESPONSIBILITIES 

5.1 Radiation Safety Officer (RSO) 
The RSO is responsible for: 

Ensuring adequate staffing, facilities and equipment are available to perform 
the radioactive material control functions assigned to Radiation Protection 
personnel. 

Investigating and initiating corrective actions for the improper handling of 
radioactive material. 

Approving purchase or acquisition of radioactive sources. 

Ensuring a source inventory and leak testing program is established. 

Authorizing the establishment of radioactive material and sealed source storage 
locations. 

Packaging and transferring radioactive material to appropriate authorities. 

Administering receipt / release survey programs of radioactive material. 

Administering radioactive source inventory and leak testing. 

Ensuring correct posting of radiological area. 

Reviewing results of sample analysis and survey data as required to determine 
acceptability for release of items. 

Ensuring packages for transport and disposal meet applicable regulations for 
integrity and dose limits. 
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5.2 Certified Waste Shipper 
The certified (as required by 49 CFR 172, Subpart H) waste shipper is responsible for: 

Identifying proper packaging and posting requirements for all offsite transport of 
radioactive and/or mixed wastes.  

Reviewing results of conveyance package radiation surveys and performing 
inspections of conveyance packages prior to approving packages to leave a site. 

Maintaining records of all waste shipments. 

Assisting the RSO in proper characterization, classification and 
sampling of any potentially radioactive or  mixed waste 

Selecting the treatment, storage and disposal facility (TSDF) to be used 
for processing, treatment, and/or disposal of radioactive or mixed 
waste 

Preparing profiles and shipping paperwork for disposal of radioactive or mixed 
wastes generated 

Directing and performing inspections, marking, labeling and placarding of 
radioactive or mixed waste prior to shipment 

Selecting the proper packages to use for radioactive or mixed waste 

Maintaining an inventory of radioactive and mixed waste onsite and shipped 
off the project. 

Ensuring periodic inspections as required by regulation are performed and 
documented 

5.3 Radiation Protection Technicians (RPTs) 
The RPT is responsible for: 

Performing and documenting radiation and contamination surveys, inspections 
and leak tests. 

Posting, securing, and controlling radioactive material and source storage areas. 

Safely opening packages of radioactive material. 

Identifying radioactive material. 

Releasing material in accordance with this and implementing procedures. 

Notifying the RSO or designee on arrival of radioactive material. 

Performing pre-transportation surveys of radioactive materials packaging and 
conveyance vehicles. 

5.4 Project Personnel 
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Project personnel are responsible for: 

Adhering to all policies, procedures and other instructions, verbal and written, 
regarding control and minimization of radioactive material and contaminated 
material. 

Reporting any concerns about the control and minimization of radioactive 
material and contaminated material to supervision. 

Maintaining good housekeeping at work sites and assisting in preventing the 
build-up and spread of contamination. 

Obtaining RSO authorization prior to accepting receipt of radioactive material at 
the project.  This includes, but is not limited to items such as sealed sources, 
liquid standards, and contaminated equipment from other sites, and waste 
generated outside normal project remediation activities.  This is to ensure that 
required receipt surveys are scheduled, appropriate ALARA considerations are 
implemented, and that the source term is evaluated for possible effects to the 
project waste stream criteria. 

Complying with direction from RP personnel regarding the proper methods for 
receipt, handling, decontamination, packaging, storage, transport and disposal of 
radioactive material. 

6.0 PREREQUISITES 
None 

7.0 PRECAUTIONS AND LIMITATIONS 
Packages of radioactive material or sources shall NOT be opened until the required receipt 
survey is performed by RP personnel. 

Packages of radioactive waste shall not leave a site until approval to do so is granted by the 
Certified Waste Shipper. 

8.0 RECORDS 
Receipt radiological surveys 

Radiological release surveys 

Radiological transportation surveys 

Source Inventory which includes Leak Test Results 

Transportation records including manifests, transportation checklists, and a transportation 
log 

Records generated shall be transmitted to Project Document Control for filing according to 
procedure RPP-114. 

9.0 PROCEDURE 

9.1 Receipt of Radioactive Material 
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1. Obtain RSO authorization prior to accepting receipt of radioactive material at the 
project.   

Radioactive materials which may be received include, but are not limited to, 
items such as sealed sources, liquid standards, contaminated equipment from 
other sites, waste generated outside normal project remediation activities and 
shipments of radioactive materials from vicinity properties to the PESI for 
storage and / or transportation and disposal.  This is to ensure that required 
receipt surveys are scheduled, appropriate ALARA considerations are 
implemented, and that the source term is evaluated for possible effects to the 
project waste stream criteria. 

Refer to 10 CFR 71.4 and Appendix A to 10 CFR 71 for definition and limits for 
“Type A Quantities” of radioactive materials.

The RSO may direct receipt surveys to be performed on any incoming 
radioactive material shipment. 

2. If an expected package exceeds Type A quantities, the package requestor shall make 
arrangements with RP and the carrier to receive or pick-up the shipment when the 
carrier makes notification of package availability. 

3. RP personnel perform receipt inspections and surveys of incoming radioactive material 
shipments which exceed a Type A quantity (refer to 10 CFR 71.4 and Appendix A of 
10 CFR 71) as follows: 

The inspection and survey shall be performed within three hours of receipt.  If 
received after normal work hours, the survey is required with three hours from 
the beginning of the next business day.  

Don latex gloves, at a minimum, when performing incoming inspections and 
surveys. 

Inspect the package for leaks or apparent damage. 

Ensure the contents match the packing slip or shipping papers. 

Perform a radiation survey of the package exterior. 

Perform a removable contamination survey of the package interior and exterior. 

4. RP Personnel shall store the package in a secure, radiologically posted area, notify the 
RSO or designee if any the following conditions are observed during receipt of a 
radioactive material shipment: 

Contents do not match packing slip or shipping papers 

The contents of the package do not contain the isotopes or quantities of material 
as ordered or expected. 

Package is leaking or sufficiently damaged to compromise package contents. 

The receipt survey results exceed any of the following limits: 

Radiation (mrem/hr) – 200 @ Contact or 10 @ 1 meter from the package 

Removable Contamination (dpm/100cm2) – 2200 Beta-Gamma, 220 Alpha 
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9.2 Identification of Radioactive Material 
1. Radioactive material exceeding limits specified in 10 CFR 20, Appendix C shall be 

identified and labeled by Radiation Protection personnel: 

On receipt of packages containing radioactive material or sources. 

During removal of items or material from contaminated systems or areas, or from 
radioactive materials areas. 

In the course of performing area and job specific surveys. 

In the course of surveying items for release. 

2. Items that meet or exceed the contamination limits established in the PESI RPP should 
be labeled radioactive material. 

3. Use the following guidance, as a minimum, when labeling radioactive material: 

Labels shall only be placed or removed by Radiation Protection personnel. 

Unique features (e.g., yellow plastic bags, yellow and magenta tags, purple paint, 
etc.) should be used to clearly identify the physical and radiological parameters 
of the material. 

Labeling shall state "CAUTION - RADIOACTIVE MATERIAL." 

4. Exceptions to labeling requirements for radioactive material are as follows: 

The item or material is under the direct control of personnel who are aware of the 
contents and the associated radiological hazards. 

The material is radiation protection equipment (e.g., respirators, instruments. 
etc.). 

The material consists of radiological samples being analyzed or sampling 
equipment controlled by Radiation Protection personnel. 

The material is packaged and labeled in accordance with DOT regulations while 
awaiting transport. 

The material is contained in permanently installed equipment and / or potentially 
contaminated systems. 

The material consists of permanently installed equipment or components, 
including check sources installed in radiation monitoring equipment, which have 
manufacturer supplied check source labels affixed. Radiation level posting 
requirements shall remain applicable. 

The material consists of laundered protective clothing: 

a. In controlled use, inside the Restricted Area; or 

b. Stored in designated laundry containers. 

The material consists of check sources or sealed sources and source storage 
containers identified as radioactive material with identifiable labels affixed to the 
source. 



TITLE:
Radioactive Material Control Program

NO.:
PAGE:

RRP-111 Radioactive Materials Control and Waste Management Plan 

The material is stored or in-use in a posted Contamination Area or Airborne 
Radioactivity Area.  All items in these areas are considered potentially 
radioactive/contaminated until properly dispositioned by RP personnel. 

The material consists of contaminated items (e.g., hand tools) impractical to 
label, that are marked with magenta paint. 

5. Project personnel should notify Radiation Protection of any items or containers with 
lost or damaged radioactive material labels. 

6. Material requiring labeling as radioactive material which is found uncontrolled and 
outside a Restricted Area shall be brought to the immediate attention of RP Personnel. 

9.3 Storage of Radioactive Material 
1. Radioactive Material Storage Areas shall be posted in accordance with RP -102,

“Radiological Posting Requirements." 

2. Radiation Protection personnel should consider the following when specifying 
radiological requirements for Radioactive Material Storage Areas: 

Changes to radiation levels in an area as a result of material storage. 

External environmental conditions are such that significant container 
degradation does not occur during storage. 

Material is adequately packaged and controlled to minimize the 
potential for loss of radioactive material control 

3. Unsealed radioactive materials e.g. soil, debris, liquids will be posted and controlled in 
accordance with RP-102, Radiological Posting Requirements. 

4. Soil, debris, and  materials  will be staged in appropriate containers/bags or 
covered with tarps as necessary to prevent migration outside of radiological 
boundaries. 

5. Liquids will be stored in appropriate containers (e.g. drums, totes, etc.) 
6. All storage containers will be labeled with pertinent information including 

description and radiological data. 
7. PPE requirements for handling radioactive materials are established in the applicable 

RWP and procedure RP-132, Selection and Use of Radiological PPE.

9.4 Special Considerations for Control of Accountable Radioactive 
Sources 

1. The RSO, or designee shall serve as the Source Custodian and shall be responsible for 
the following: 

Ensuring that all accountable radioactive sources are stored in their designated 
storage location when not in use. 

Maintaining a source inventory that includes accountable source identification, 
isotopic content, activity, assay date, designated storage location, and date and 
results of most recent semi-annual leak test. 
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2. Any individual planning to procure a radioactive source for the project shall request 
approval from the RSO in writing.  This request shall include a justification for 
bringing additional sources onto the project and shall include all necessary source 
information to update the source inventory. 

3. Licensed sources under the control of a licensee (e.g., radiography sources, soil density 
gauges, etc.) are not maintained in the project accountable source inventory.  Project 
personnel requesting such vendor services shall ensure that the RSO receives evidence 
of the following prior to source mobilization to the project: 

Source license including isotope and source activity 

Semi-annual leak testing performed by the licensee   

4. Source Custodian, or designee shall ensure that a leak test is performed and 
documented for any accountable source in inventory under any the following 
conditions: 

Upon source receipt in inventory 

Semi-annually

Prior to transfer to a new permanent storage location 

Prior to disposal 

If source integrity is compromised 

5. A source leak test consists of a physical source inventory, a visual inspection for source 
integrity and a contamination survey capable of detecting the presence of 0.005 
microcuries (200 Bq) of removable radioactivity.   

6. If direct contact with the source is impractical (i.e., inaccessible, unsafe from an 
ALARA standpoint, or could potentially compromise source integrity) the source 
container or storage location may be surveyed as representative of the leak test. 

7. All accountable sealed radioactive sources or their individual storage containers shall 
bear a durable label or tag which includes the following minimum information: 

Source Identification 

Radionuclide(s) 

Source Activity 

Assay Date 

Source Custodian Name and Contact Number   

8. The RSO shall establish designated locations for the storage of accountable radioactive 
sources using the following guidance: 

Sources should be stored in a lockable location 

Sources should be stored to minimize exposure to fire or combustible materials 

Sources should be stored in such a manner to minimize radiation exposure to 
personnel routinely present in the area.   
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9.5 Movement of Radioactive Material 
1. Radioactive material or contaminated material shall be properly contained before

moving to minimize radiation levels and prevent spread of contamination.

2. Obtain direction from the Project Transportation Specialist and / or the RSO prior to
transporting radioactive materials across public highways or railroads regulated by the
Department of Transportation.  Transport shall be performed in accordance with this
procedure and all applicable local, state, and federal regulations.

9.6 Control of Tools, Equipment and Material 
1. All items to be released from radiological controls shall be surveyed by RP personnel.

2 The RSO may authorize the establishment of “Hot Tool” storage areas for reusable
contaminated tools, components, equipment and material. If labeling of these items
(e.g., hand tools) is impractical, magenta paint may be used to identify the item as
radioactive material.

3. Project Management should ensure that adequate supplies of clean and “hot” tools are
available project personnel.  This maximizes worker effectiveness in radiological areas,
minimizes survey and decontamination efforts, and reduces radioactive waste
generated.

4. Radioactive waste receptacles will be established and maintained for the disposal of
items.

9.7 Release of Items from Radioactive Material Controls 
1. RP personnel shall perform surveys to release items from radioactive material controls,

with the following exception:

Hand-carried items (e.g., pens, paper, flashlights, logbooks,
clipboards, safety glasses, dosimetry, badges, etc.) under a single
individual’s control and that are not expected to have come into
contact with potentially contaminated surfaces may be monitored by
that individual during the personnel frisking process.

2. RP personnel will survey items designated for unrestricted release according to
RPP-105, “Unrestricted Release of Equipment.”

3. RP personnel shall ensure the labeling is appropriate and direct Project personnel as
how to best disposition the item (i.e., decontamination, packaging, storage, or disposal
as radioactive waste) if an item is contaminated and cannot be released for unrestricted
use.

4. RP personnel shall ensure that any labeling or marking identifying the item as
radioactive material is removed or thoroughly defaced if the release survey indicates
that the item may be released for unrestricted use.

9.8 Transportation and Disposal of Radioactive Waste 
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1. Characterization sampling and analysis of waste for radioactive and hazardous 
constituents shall be performed to ensure waste meets the selected waste facility’s
Waste Acceptance Criteria. 

2. Waste which is considered “decommissioned waste” (waste with residual 
radioactivity distinguishable from background regardless if it meets alternative 
requirements for unrestricted release) shall not be disposed of in a Class III 
California land fill or in a California unclassified waste management unit in 
accordance with California Executive Order D-62-02.  

3. Packaging of waste shall be commensurate with the radionuclide(s) activity and the 
physical form of the waste in accordance with 49 CFR 178.350 (if applicable). 

4. Labeling and placarding of waste packages shall be performed in accordance with 49 
CFR 178.350 (if applicable).  

5. Radiation surveys shall be performed on waste packaging and/or conveyance 
vehicles. These surveys shall include dose rates as required by 49 CFR 173 and 
offsite transportation shall not be permitted if applicable dose limits are exceeded. 

6. A transportation inspection shall be performed and documented on the 
“Transportation Checklist Form” (Attachment 1) prior to waste shipments leaving a 
site. 

7. Proper shipping paperwork shall be completed and shall accompany all transports of 
radioactive waste.  

8. Emergency response guidance and contact information shall be provided to all 
conveyors of radioactive waste (refer to Attachment 2).

9. Records of waste disposal shall be maintained sufficient to meet the requirements of 
CDPH 5314 (to support eventual license termination). Information required includes 
inventory of waste, dates of transfer, and recipient information. These records should 
be maintained even if license termination is not the immediate goal of a project.  

10.0 ATTACHMENTS 
1. Transportation Checklist Form 

2.  Emergency Response Instructions 
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Attachment 1 

Transportation Checklist Form



TRANSPORT VEHICLE INSPECTION CHECKLIST

RP-111 Radioactive Materials Control and Waste Management Plan 

Shipment No. Carrier DOT Hazmat Registration No. / Exp. Date

Carrier Name: Tractor No. Trailer No. 

Drivers Name: State: License No. Exp. Date

ITEM
STATUS STATUS

CRITERIAPre Load Post Load
SAT UNSAT SAT UN SAT

1 Operator’s License Driver possesses a valid commercial driver’s license (with a tank 
vehicle or hazardous materials endorsement) to operate the vehicle

2 Windshield, Side 
Glass and Mirrors

No cracked or broken glass that would affect the vision of the driver.  
Mirror(s) in place and usable

3 Wipers Wipers operate and are in good condition
4 Horn Air/electric horn(s) work
5 Suspension Visually check for loose, broken, or damaged spring leaves, “U” bolts, 

shackles. Pads, torque arms, and locking pins
6 Brake Lines Brake lines and connectors do not have cracks, crimps, restrictions, or 

evidence of damage or audible air leaks
7 Brake Pots, Cams Brake pots are in good physical condition and mechanical linkages are 

intact and in good condition
8 Exhaust System No loose or broken brackets and no evidence of leaks which would 

affect driving/sleeping compartment
9 Fuel System No visible damage affecting fuel tank integrity, no visible leaks, no 

loose or broken mounting brackets, no evidence of damage to vents, and 
fuel cap is securely in place

10 Structure, Welds No visible significant cracks in major welds
11 Frame No cracked, loose, sagging, or broken frame
12 Trailer Floor No holes or projecting nails.  Capable of bearing weight of load and 

fork truck (if used)
13 Trailer Walls No holes, severe dents or buckling
14 Trailer End Gate Can be closed and secured properly
15 Rims Rims are not bent or cracked and stud nuts are in place
16 Tires Tires appear properly inflated, tread depths appear greater than 

minimum (tread depth at least 1/8” on front and 1/16” on all others) and 
show no evidence of cuts or damage affecting the ply cord

17 Hubs No visible oil leakage from seals
18 Head Lights Both low beams working
19 Running Lights All affixed running lights operable
20 Turn Signals Front and back working
21 Brake Lights Must work on tractor and trailer
22 Liner Insure liner is properly installed 
23 Cleanliness No amount of material from the site on external surfaces of the 

conveyance.
PRE-LOAD 
INSPECTION (Printed Name, below) (Signature, below)

INSPECTION 
DATE:
POST-LOAD
INSPECTION (Printed Name, below) (Signature, below)

INSPECTION 
DATE:
Comments:

REVIEWED BY: (Printed Name, below) (Signature, below)
REVIEW 
DATE:
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Attachment 2 

Emergency Response Instructions 



EMERGENCY RESPONSE INSTRUCTIONS

RP-111 Radioactive Materials Control and Waste Management Plan 

Manifest No.: ______________________ 

EMERGENCY PHONE NUMBER: 

MATERIAL DESCRIPTION: 

IMMEDIATE ACTIONS:

RENDER FIRST AID TO INJURED PERSONS 

SECURE THE IMMEDIATE AREA 

REPORT THE EMERGENCY 

FIRST AID: 

Use First Aid according to the nature of the injury 
Do not delay care and transport of a seriously injured person 
Advise medical personnel that injured persons who may have contacted spilled material may be 
contaminated with low level radioactive material 

SECURE THE IMMEDIATE AREA:

Keep unnecessary people at least 160 feet away in all directions and upwind of shipment 
Fight small fires with portable extinguisher, if safe to do so
Isolate the area and deny entry to unnecessary personnel 

REPORT THE EMERGENCY:

Contact the applicable Emergency Phone Number listed at the top of this page.  
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APPROVED:

______________________________________5/31/14_____
Technical Services Manager                           Date

______________________________________5/31/14___
Corporate Certified Health Physicist               Date

1.0 PURPOSE 
This procedure provides consistent methodology for the issuance of radiation monitoring dosimetry 
devices at Perma-Fix Environmental Services (PESI) facilities and projects. 

2.0 APPLICABILITY 
This procedure applies to all Safety and Health personnel issuing dosimetry devices. 

3.0 REFERENCES 
1. Title 17, California Code of Regulations, Division 1, Chapter 5, Subchapter 4 “Standards 

for Protection Against Radiation.”

4.0 GENERAL
4.1 Discussion 

This procedure describes the requirements for the issuance of standard dosimetry devices to 
visitors and radiation workers accessing restricted areas of the remediation project. 

The Thermoluminescent Dosimeter (TLD) normally provides the dose of record, while the 
Self-Reading Dosimeter (SRD) provides a means of deep dose tracking prior to TLD 
processing, as well as verifying the reasonableness of the results 

4.2 Definitions 
Radiation Worker:  An individual who accesses any Radiological Area unescorted.  
Radiation Workers shall have successfully completed all requisite medical and training 
requirements for performing work in Radiological Areas.  

Radiological Area: Any area within a Restricted Area which require posting as a 
Radiation Area, Contamination Area, Airborne Radioactivity Area, High Contamination 
Area, or High Radiation Area. 
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Restricted Area:  An area to which access is limited to protect individuals against undue 
risks from exposure to radiation, radioactive materials, and chemical contaminants.  All 
posted radiological or chemical areas are Restricted Areas. 

Self-Reading Dosimeter (SRD): A radiation monitoring device (either electrostatic or 
electronic) that can be read by the wearer at any time and indicates total accumulated dose. 

Thermoluminescent Dosimeter (TLD): An integrating detector where radiation energy is 
absorbed (trapped) and can be read out later by thermal excitation of the detector 
(ANSI N13.15-1985). 

Visitor: An individual who accesses the project site for purposes other than working (e.g., 
tour the site or meet with an individual). 

5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

The RSO is responsible for implementing this procedure. 

5.2 Radiation Protection Technicians (RPTs) 
RPTs are responsible for the performance of this procedure. 

5.3 Project Personnel 
Provide the RP Dosimetry Group with required personal information to track and 
report radiation exposures (e.g., Social Security/ID Number, Address, Date of 
Birth, Exposure History from Other Sites, etc.) 

Complying with Radiation Protection Program (RPP) requirements, including 
dosimetry care & use requirements identified in Attachment 1. 

6.0 PREREQUISITES 
Individuals who are planning to visit other radiologically monitored facilities while being monitored 
at PESI shall notify RSO prior to going to the other monitored facility(s). 

7.0 PRECAUTIONS AND LIMITATIONS 
The NRC Form-4 for individuals with current year recorded or estimated exposures 
from other site(s) shall be reviewed by the RSO prior to issuance of dosimetry.  The 
purpose of this review is to ensure that individuals would not exceed the quarterly 
exposure limit of 1.25 rem, or the annual exposure limit of 5 rem Total Effective Dose 
Equivalent. 

Any individual entering a Restricted Area, or performing work under a Radiation Work 
Permit shall wear dosimetry. 

TLDs will be changed out on a quarterly basis. 

Employee personal information shall be accessible only to personnel authorized by the 
RSO, SSHO, or Project Manager.   

8.0 APPARATUS 
Self-Reading Dosimeters 
Thermoluminescent Dosimeters 
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9.0 RECORDS 
Occupational External Radiation Exposure History (NRC Form-4) 
TLD Issue Form (e.g., TLD Processor Chain-of-Custody) 

TLD Use & Care Acknowledgement 

10.0 PROCEDURE 
10.1 Dosimetry Issuance for Visitors 

Dosimetry is issued to escorted visitors accessing Restricted Areas, and as 
required by the RSO. 

10.2 Dosimetry Issuance for Radiation Workers 
1. Ensure that Radiation Worker Training has been successfully completed by the 

worker prior to dosimetry issue. 

2. Ensure the individual has completed an NRC Form 4 “Occupational Radiation 
Exposure History.”

3. Ensure the individual has completed the “TLD Use & Care Acknowledgement” 
form. 

4. Ensure the worker understands the administrative dose limit and the fraction 
remaining (available dose) for the current year. 

5. Review all other paperwork for completeness and legibility. 

6. Issue a TLD to the individual by recording the pertinent information on the TLD 
Issue Form. 

11.0 ATTACHMENTS 
Attachments may be revised without formal review of this procedure and are attached as examples 
only.  Please contact the RSO for a current copy of these attachment(s). 

Attachment 1 Dosimetry Care & Use Acknowledgement Form 
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Attachment 1 

DOSIMETRY CARE & USE ACKNOWLEDGEMENT 

1. Use only dosimetry specifically issued to you.

2. Verify that you are wearing the appropriate dosimetry prior to entering Restricted
Areas.

3. Unless otherwise directed by the RSO, Dosimetry shall be worn facing out, and
attached to clothing/lanyard on the front of the upper torso.  Do not attach dosimetry
to waist belt loops, safety glasses, or hard hats.

4. Dosimetry shall be stored in the designated location during non-work periods.

5. Dosimetry shall not be worn off-site or to another radiological facility unless
specifically authorized by RSO.

6. If dosimetry is misplaced or damaged, perform the following:

a. Place work in a safe condition and exit the radiological area;
b. Report the lost dosimeter to RP Personnel;
c. RP shall initiate a Radiological Occurrence Report (ROR); and
d. Obtain RSO authorization to issue replacement dosimetry.

7. Do not tamper with or expose dosimetry to excessive heat, security x-rays, or
medical radiation sources.  Report instances of tampering or unnecessary exposure
to the RSO immediately.

Dosimetry is used to monitor your exposure as required by Federal Law and 
Company Policy.  Failure to comply with these or other Radiation Protection 
Program requirements implemented for your safety, and for the protection of the 
public and environment may result in revocation of RadWorker Training 
credentials and Restricted Area access privileges. 

I have read and understood the information presented and will comply with Radiation 
Protection Program requirements as established in the FMSS Site Safety & Health Plan. 

__________________________________  ______________________
Signature Date 
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1.0 PURPOSE 
This project procedure defines the requirements for controlling Radiation Protection Program 
records.  It also establishes the requirements for review and temporary storage of these records at 
PESI Sites prior to transmittal to Document Control. 

2.0 APPLICABILITY 
The requirements of this procedure are applicable to records generated by the Radiation 
Protection Group, and apply to all documents considered to be records. 

3.0 REFERENCES  
1. 10 CFR 20 “Standards for Protection Against Radiation.” 
2. PESI, “Radiation Protection Plan (RPP) 

4.0 DEFINITIONS 
Non-record:  Non-record material includes those classes of documentary or other material that shall 
be disposed of without archival authority.  Examples are copies of records transmitted to Document 
Control, paper copies of e-mail, and informal notes. 

Records:  For the purpose of this procedure, records shall be interpreted as radiation protection 
records.  A record is considered to have been “generated” when it has been completed, signed (or 
initialed) by the generator, and completed required reviews.  Examples of records are all survey 
forms and original Radiation Work Permits (RWP). 

Retention Period:  The period of time that a record may be retained by the Radiation Protection 
Group, prior to transmittal to Document Control. 



TITLE: NO.: RP-114
Control of Radiation Protection Records PAGE:  2 of 3

RRP-114 Rad Records Control 

5.0 RESPONSIBILITIES 
5.1 Radiation Safety Officer (RSO) 

Implementing this procedure, and performing oversight activities to ensure 
compliance with the requirements of this document. 

Establishing an RP Record Retention Schedule.

Ensuring adequate storage space and personnel are available to perform Records 
Management activities. 

5.2 Radiation Protection Records Coordinator (RC) 
Acts as the departmental contact for records. 
Ensures that records are adequately controlled according to this procedure. 

Ensures that records are transmitted to Document Control in a timely fashion, as 
defined by this procedure. 

5.3 Radiation Protection Technicians (RPT) 
Complying with the requirement for this procedure. 
Protecting records in their possession from loss or damage. 

6.0 PROCEDURE 
6.1 Radiation Protection Group Functions 

6.1.1 All personnel assigned to the group shall control records in accordance with 
applicable requirements of this procedure beginning when a record is first 
generated.

6.1.2 Records shall be prepared in accordance with Project Procedures.  Preparation of 
these documents shall conform to the following: 

Document content, including signatures, shall be: 

Legible and reproducible 
Appropriate for the particular activity performed 
Complete per the applicable requirements 
Traceable to the activity or item to which it applies 

6.1.3 If records are damaged (i.e., torn, lost, illegible, or incomplete), action shall be 
taken and documented to ensure that re-created records are as complete and 
accurate as possible.  Re-created records shall be identified as copies and be 
signed and dated by the generator. 

6.2 Records Coordinator (RC) 
6.2.1 The Radiation Protection RC shall: 

Ensure that all records received for transmittal are included on the Record 
Retention Schedule.  The RSO should be notified if any record is not on the 
schedule.

Review the records for acceptability by ensuring the content of the record 
complies with this procedure.  The RC shall review each record ensuring that 
the record is legible, complete, signed and dated, and that the record contains 
sufficient information to fulfill the intended purpose of the record. 
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NOTE:  The RC is not responsible for the technical adequacy or 
correctness of the record. 

Coordinate appropriate corrective action with the RSO when the condition of 
the records is not acceptable. 

Transmit records according to Document Control 

Prepare a document transmittal form, attach the completed form to the 
documentation package, and forward the records to Document Control. 

Retain a copy of the returned document transmittal form, which documents 
transmittal to Document Control. 

Maintain a Records Retention Schedule, approved by the RSO and provide a 
copy to Document Control. 

6.3 Control of Records 
6.3.1 Records shall be controlled and properly maintained from the time the record is 

generated until it is transmitted to Document Control 

6.3.2 Records shall be stored in a controlled environment that protects the records from 
damage (i.e., winds, floods, fires, high and low temperatures and humidity and 
infestation of insects, mold, or rodents). 

6.3.3 Each record shall be reviewed by the RSO to ensure that: 

The record contains sufficient information to fulfill the intended purpose of 
the document. 

The content of the record is accurate and complete. 

6.3.4 Records monitoring transmittal to Document Control shall be stored in a 1-hour 
fire-rated container, if possible. 

6.3.5 Storage facilities or cabinets with confidential information should be locked 
when unattended.  Storage facilities for other document should be locked when 
unattended as is practicable. 

6.3.6 Records that are in the process of being generated may be controlled by 
electronic storage, provided there is data back-up available. 

6.3.7 Following transmittal, Document Control shall review the documentation to 
ensure that it is complete as indicated on the transmittal form, sign and date the 
transmittal form signifying receipt of the record package, and return a copy of the 
signed and dated form to Radiation Protection RC. 

7.0 ATTACHMENTS 
None
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1.0 PURPOSE  
The purpose of this procedure is to provide consistent methodology for implementing 
Radiation Worker Training (RWT) at Perma-Fix Environmental Services, Inc. (PESI) 
Sites.

2.0 APPLICABILITY 
RWT is applicable to ALL PESI employees and subcontractors who perform work within 
Restricted Areas. 

3.0 REFERENCES 
 10 CFR 19, “Notices, Instructions and Reports to Workers:  Inspections and 

Investigations.”

 10 CFR 20, “Standards for Protection against Radiation.” 

4.0 GENERAL 
4.1 Discussion 

Successful completion of the RWT will qualify employees for unescorted access 
into Restricted Areas, provided other access requirements are met as specified 
in procedure RP-101, “Access Control”. 
Qualified individuals with a demonstrated knowledge of radiological concepts 
should provide RWT instruction.  The RSO approves RWT Instructors. 

4.2 Definitions 
Controlled Area: An area under the control of PESI management area to which 
access is limited by Project Management. 
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Practical Factors:  The “performance-based” portion of RWT that focuses on 
demonstration and evaluation of safe radiation worker practices.  Particular 
emphasis is given to the donning and doffing of protective clothing and self-
monitoring for radioactive contamination. 

Radiation Worker: An individual who accesses any Restricted Area unescorted.  
Radiation Workers shall have successfully completed all requisite medical and 
training requirements for performing work in Restricted Areas as specified this 
procedure.

Restricted Area: An area to which access is limited to protect individuals 
against undue risks from exposure to radiation, radioactive materials, and 
chemical contaminants.  All posted radiological or chemical areas are Restricted 
Areas.

5.0 RESPONSIBILITIES 
The RSO is responsible for implementation of this procedure and approval of course 
content and materials. 

6.0 PREREQUISITES 
Prior to obtaining RWT qualification, individuals shall have submitted evidence of 
completion of other medical / training requirements established in the PESI Site Safety & 
Health Plan. 

7.0 PRECAUTIONS AND LIMITATIONS 
 RWT shall be required on a bi annual basis.  Active site personnel may be granted 

up to a 90-day extension beyond the RWT anniversary date, with RSO approval. 

 Individuals must have documented evidence of completing both academic and 
Practical Factors objectives before being allowed to work unsupervised in a 
Restricted Area. 

 Personnel may be allowed to challenge the academic examination portion of this 
training by passing the examination. 

 Bi-Annual re-qualification of the Practical Factors portion of RWT may be by 
observation of actual work practices. 

 A minimum passing score on the RWT exam and Practical Factors is 80%. 

 Trained emergency response personnel (Fire Department, Ambulance/EMT, Law 
Enforcement) responding to on-site emergencies are exempt from this training. 

 The RSO may waive the classroom portion of RWT provided the individual is able to 
show documented proof of successful completion of an equivalent level of training 
from another facility during the previous 12-month period. 

 RP technicians are exempt from this training. 

8.0 APPARATUS 
None
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9.0 RECORDS 
The Site Safety & Health Group shall maintain a copy of the RWT certificate or 
attendance roster in each employee file. 

10.0 PROCEDURE 
10.1 RWT Classroom Training 

A. At a minimum, the following topics shall be discussed during RWT:  

 Fundamental of Radioactivity 
 Prenatal Exposure Risks 
 Shaw Group Radiation Protection Plan 
 Site Specific Radiological Hazards / contaminants 
 ALARA Concepts 
 Radiological Postings / Barriers 
 Emergency Response / Evacuation Routes 

B. Provide the trainees with a copy of the course materials and all pertinent 
training forms. 

C. Present the course material including overhead slides. 
D. Lecture on the associated concepts. 
E. Answer any questions the trainees may have. 
F. Review the material with the trainees prior to administering the exam. 
G. Administer the RWT exam. 
H. The proctor will grade the test and review incorrect answers with the trainee. 
I. Submit the completed exam to RP Document Control. 

10.2 RWT Practical Factors Training 
A. At a minimum, the following topics shall be discussed as part of Practical 

Factors training: 

 Proper PPE donning and doffing procedures 
 Use of RWP 
 Recognition of postings 
 Utilization of ALARA concepts (time, distance, shielding) 
 Use of frisking equipment and proper frisking techniques 

B. Develop a mock-up area from which trainees may be evaluated.  Include the 
following:

 RWP 
 Radiological postings 
 Ropes / barriers 
 Radiological hazards 
 Whole body frisking instrument 
 In-use work areas may be used, with RSO approval, and provided that 

airborne generating activities are not underway. 
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C. Introduce the practical training by relating it back to the academics the 
trainees have just completed. 

D. Explain what will be expected of each trainee. 
E. Demonstrate how to perform the tasks, talk about good practices while doing 

so.
F. Allow the participants to practice as you coach. 
G. Proceed to the Mock-Up area and begin Practical Factors evaluation. 
H. Complete a Practical Factors Evaluation Form. 
I. Review evaluation results with the trainee and forward form to RP Document 

Control.

11.0 ATTACHMENTS 
None
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1.0 PURPOSE 
This procedure provides the guidance for selecting protective clothing, performing personnel 
surveys, and decontaminating personnel. 

2.0 APPLICABILITY 
This procedure will be used by Tetra Tech EC, Inc. (TtEC) personnel and its subcontractors 
while performing activities in areas with known or suspected radioactive contamination.  

3.0 REFERENCES 
1. Title 17, California Code of Regulations, Division 1, Chapter 5, Subchapter 4

“Radiation.”

2. Title 22, California Code of Regulations, Division 4.5; Environmental Health Standards
for the Management of Hazardous Waste

3. California Executive Order D-62-02 regarding disposal of decommissioned materials.

4. 10 Code of Federal Regulations (CFR) 20; Standards for Protection Against Radiation,
and Transfer and Disposal and Manifests

8. USNRC IE Information Notice No. 80-22, "Breakdowns in Contamination Control
Programs."

9. ANSI N13.2-1969, "USA Standard Guide for Administrative Practices in Radiation
Monitoring (A Guide for Management)."

10. RP -102, “Radiological Posting Requirements.”

11. RP -103, “Radiation Work Permits."



4.0 GENERAL

4.1 Discussion 
Radioactive material controls are established to provide positive control of radioactive 
material, prevent inadvertent release of radioactive material to uncontrolled areas, ensure 
personnel are not unknowingly exposed to radiation from lost or misplaced radioactive 
material, and to minimize the amount of radioactive waste material generated during PESI 
activities. 

4.2 Definitions 
Contamination Area (CA): Means any area with loose surface contamination values in 
excess of the applicable values specified in RP-104 Acceptable Surface Contamination 
Levels that is accessible to personnel, or any additional area specified by the RSO.  The 
Contamination Area posting is defined as more restrictive than Radioactive Material Areas, 
hence all Contamination Area postings are considered to be Radioactive Material postings. 

Minimum Detectable Activity (MDA): The smallest amount or concentration of 
radioactive material in a sample that will yield a net count, above system background, that 
will be detected with 95% probability with only 5% probability of falsely concluding that a 
blank observation represents a "real" signal. MDA depends upon the type of instrument, the 
counting geometry, and the radionuclide to be detected. MDA has the same meaning as 
Lower Limit of Detection (LLD). (ANSI N13.3, 1989). 

Radioactive Material: Material activated or contaminated by the operation or remediation 
of the site and by-product material procured and used to support the operation or 
remediation. 

Radioactive Material Area: Any area or room where quantities of radioactive materials 
in excess of ten times the 10 CFR 20 Appendix C quantities are used or stored, or any area 
designated a RMA by the RSO which does not exceed the site Contamination Area criteria. 

Restricted Area: An area to which access is limited to protect individuals against undue 
risks from exposure to radiation, radioactive materials, and chemical contaminants.  All 
posted radiological or chemical areas are Restricted Areas. 

5.0 RESPONSIBILITIES 

5.1 Radiation Safety Officer (RSO)
The RSO is responsible for: 

Identifying the radiological personal protective equipment (PPE) and, when 
appropriate, ensuring that the radioactive work permit lists the proper 
radiological PPE.  

Providing guidance and direction for decontamination of personnel.  

Notifying the corporate RSO of any personnel contamination event.  



Reviewing the Personnel Contamination Report and verifying all information 
is accurate.  

Requesting support from the qualified medical personnel regarding 
management of personnel who have been exposed to radiological 
contamination, when appropriate.  

Determining reimbursements and disposition of personal property that cannot 
be decontaminated.  

5.3 Radiation Protection Technicians (RPTs) 
The RPT is responsible for: 

Ensuring that workers don and doff the correct PPE properly, and performing 
decontamination of personnel under the guidance and direction of the RSO. 

Performing and documenting radiation and contamination surveys. 

Posting, securing, and controlling radioactive material and source storage areas. 

5.4 Project Personnel 
Project personnel are responsible for: 

Adhering to all policies, procedures and other instructions, verbal and written, 
regarding control and minimization of radioactive material and contaminated 
material. 

Reporting any concerns about the control and minimization of radioactive 
material and contaminated material to supervision. 

Maintaining good housekeeping at work sites and assisting in preventing the 
build-up and spread of contamination. 

Complying with direction from RP personnel regarding the proper methods for 
donning and doffing of PPE. 

6.0 PREREQUISITES 
None 

7.0 PRECAUTIONS AND LIMITATIONS 
PPE should be fully inspected prior to use. 

8.0 RECORDS 
Personnel Contamination Reports 

Radiological surveys 

Records generated shall be transmitted to Project Document Control for filing according to 
procedure RPP-114. 



9.0 PROCEDURE 
The following factors should be considered when selecting PPE:  

The levels and types of radiological material present, or expected, in the work area  

The presence of chemical hazards  

The base in which the contamination is carried (dry, wet, oily)  

The work to be performed, or work in progress  
The location of the contamination (e.g., floor, walls, overhead, air handling systems, sewer 
systems)  

The physical configuration of the work area  

The environmental conditions, such as heat and humidity  

The exposure situation (vapor, pressured splash, liquid splash, intermittent liquid contact, and 
continuous liquid contact)  

The toxicity of the radioactive materials and/or chemical(s) (i.e., ability to permeate the skin, and 
systemic toxicity)  

The physical properties of the contaminant (vapor pressure, molecular weight, and polarity)  

The functional requirements of the task (dexterity, thermal protection, fire protection, and 
mechanical durability requirements)  

Table 9-1 provides guidance for the selection of PPE when radiological hazards are present or suspected. 

TABLE 9-1
GUIDE FOR THE SELECTION OF RADIOLOGICAL PROTECTIVE CLOTHING 

Removable Contamination levels Clothing for Access Only Clothing for Work or 
No Work• Access Ourinu Work • 

General contamination levels < 1,000 Level D PPE Level D PPE 
dpm/100 cm2 

General contamination levels > 1,000 Glove liners Gloves Booties, Glove liners Gloves Booties, 
dpm/100 cm2, but s; 10,000 dpm/100 cloth or PVC Tyvek Rubber cloth or PVC Tyvek Rubber 

cm2 shoe covers""' shoe covers""' 

General contamination levels > 10,000 
Glove liners Gloves Booties, Glove liners Gloves Booties, 

dpm/ 100 cm2, but s; 100,000 dpm/100 cloth or PVC Tyvek Cap (or cloth or PVC Tyvek Cap 
hood) Rubber shoe covers= (optional) Hood Rubber shoe cm2 covers""' 
Glove liners Gloves (2 pairs) Glove liners Gloves (2 pairs) 

General contamination levels > 100,000 Booties, cloth or PVC Tyvek Booties (2 pairs), cloth or 
dpm/100 cm2 See Note= Cap (optional) Hood Rubber PVC Tyvek (2 pairs) Cap 

shoe covers""' Hood Rubber shoe covers= 



The guidelines for PPE selection specified in Table 9-1 may be modified under certain 
circumstances, such as the following:  

Wet areas – Where splashing water or spray is present, use rain suits in addition to the protective
clothing listed in Table 9-1. A second set of coveralls may not be necessary when a rain suit is
worn.

Standing water – In addition to the clothing requirements for wet areas, use hip boots or waders
for deep standing water areas.

Face shields – Consider for use when there is significant beta radiation, or a likelihood of water
splashing and respirators are not required.

High temperature areas – Consult with the RSO and Site Health and Safety Specialist (SHSS)
prior to working in high temperature areas.

9.1 DONNING PROTECTIVE CLOTHING 
Select the appropriate PPE.
Inspect coveralls, cotton glove liners, gloves, shoe covers, and hoods for rips, tears, and holes, or
other indications of damage. If damaged, do not wear the damaged PPE and remove the PPE
from service.

Do not wear PPE that does not fit properly.
Place dosimetry, if worn, in the upper body area on the interior of the breast tab with the window
of the dosimeter facing out. When coveralls that do not have a breast tab or pocket are worn,
dosimetry should be attached per the direction of the RSOR or designee. The dosimeter shall not
be worn inside clothing or placed in pockets if exposure of bare skin to beta radiation is
expected.

If a respirator is specified in the Radiation Work Permit (RWP), then ensure that he individual
using the respirator has been medically cleared for respirator use and is respirator qualified.; and
a respirator fit test has been performed.

Don the respirator.

Don the hood, if required, allowing it to overlap the rubber around the lens of the face piece and
fall over the shoulder.

If required, tape the hood to the respirator and to the coveralls.

Ensure that any required hood is slack enough around the shoulders to allow for full head
movement.

Don rubber gloves.

Tape the innermost pair of rubber gloves to the coverall sleeves.

Leather work gloves may be substituted for outer rubber gloves on some jobs as specified in the
corresponding radiation work permit.

If specified on the RWP, don additional PPE as required.



9.2  DOFFING OF PROTECTIVE CLOTHING  
Before stepping out of the contamination area or airborne radioactivity area to the step-off pad, the 
worker should:  

Remove exposed tape and place it in the appropriate container.  

Remove rubber overshoes and place them in the appropriate container.  

Remove the outer pair of gloves and place them in the appropriate container.  

Remove the hood, from front to rear, and place it in the appropriate container.  

Remove coveralls, inside out, touching the inside only and place them in the appropriate 
container.  

Remove the respirator, as applicable, by bending forward at the waist slightly, pulling the 
respirator away from the face, and then rolling the straps/headbands to remove the respirator, and 
place it in the appropriate container.  

Take down the barrier closure, as applicable.  

Remove any tape or fastener from the inner shoe cover and place it in the appropriate container.  

Remove a shoe cover and place it in the appropriate container while simultaneously stepping 
onto the clean step-off pad with the shoe whose shoe cover was just removed. Repeat this 
process with the other shoe.  

Remove the cloth glove liners and place them in the appropriate container.  

Replace the barrier closure, as applicable.  

Have the Radiological Control Technician (RCT) commence whole body frisking.  

Monitor the dosimeter.  

The sequence for the removal of primary and supplemental dosimetry is dependent upon where the 
dosimetry was worn and the potential for contamination. The sequence for removal of respiratory 
protection devices may be altered if it is determined that the potential for inhalation of airborne 
contamination or the spread of surface contamination is reduced by keeping respiratory protection 
devices on until all protective garments have been removed. 

The sequence for protective clothing removal may vary from that described above, under the 
following circumstances:  

At the discretion of the RCT providing job coverage.  

As designated in the assigned RWP.  

Depending on radiological and hazardous material conditions encountered during the work 
evolution.  

It is important to be aware that pushing clothing or trash into an already full collection container to 
compress the contents is forbidden as the act can result in the potential for airborne radioactivity.  

9.3  MONITORING  

During exit surveys, the following procedures should be followed.  

Use the portable instrument staged for the area of concern, which should have both a visual and 
an audible response.  



Ensure that the instrument is set on slow response, if available, and operating with an audible 
response.  
Verify that the instrument is operational on the lowest scale and that the area background count 
rate is acceptable.  
Hold the detector with the window approximately 1/4 inch from the surface being monitored.  
Move the detector over the surface being monitored at a rate not to exceed 2 inches per second. It 
should take at least 3 minutes to perform a whole body frisk.  
If an increase in the audible response is noted, then cease moving the detector and allow the 
meter 5 to 10 seconds to stabilize.  
Pause (approximately 5 seconds) at the nose and mouth area to check for indications of 
inhalation/ingestion of radioactive material.  
Pay particular attention to hands, feet (shoes), elbows, knees, or other areas with a high potential 
for contamination.  
If no contamination can be detected, as indicated by an alarm or by an audible or visual response 
distinguishable from background, then exit the area.  
If an audible or visual response distinguishable from background is noted, then the RCT will 
further investigate to verify if contamination is present.  
If personnel are found to be contaminated, proceed to the procedures outlined in Section 9.3.1. 

9.3.1 CONTAMINATED PERSONNEL  
When dealing with contaminated personnel, the following procedures should be followed.  

1. Notify the RSOR of any individual with known or suspected contamination.  
2. If the contamination is on a personal article of clothing, then perform the following:  

Survey the inside surface that was against the skin.  

Verify that no contamination was transferred to the skin.  

3 .If the contamination is on the skin, determine if the contamination is in the form of a hot 
particle.  

4 If the contamination is a hot particle, then:  

Quickly evaluate the particle size, radiation type, and visible characteristics.  

Attempt to collect and retain the particle for subsequent evaluation.  

Decontaminate the individual in accordance with Section 9.3.2.  

5. If the contamination is not a particle, then:  

Evaluate the contamination levels.  

Decontaminate the individual in accordance with Section 9.  

6. Complete the applicable parts of the Personnel Contamination Report (Attachment 1).  



9.3.2 PERSONNEL DECONTAMINATION  
The steps to follow for personnel decontamination are presented below.  

1. Perform personnel decontamination in a manner that prevents the spread of contamination to 
other body parts, or the ingestion or inhalation of radioactive material.  

2. Take appropriate precautions to minimize the spread of contamination when proceeding from 
the control point or step-off pad to the decontamination area.  

3. Refrain from releasing personnel if detectable skin contamination is present, unless 
authorized by the RSOR.  

4. Perform skin decontamination as follows:  
Exercise care to avoid damaging the skin.  

Discontinue the decontamination and notify the RSOR if skin irritation becomes 
apparent.  

Record results after each decontamination attempt.  

indicate the method of decontamination used.  

Decontaminate ears, eyes and mouth using damp swabs, water, or saline solution 
rinses that are performed by the individual. Perform further decontamination under 
the direction of qualified medical personnel.  

Decontaminate nasal passages by having the individual repeatedly blow the nose. 
Perform supplemental nasal irrigations under the direction of qualified medical 
personnel, as required.  

Use decontamination processes or materials other than those listed in Table 9-2, only 
under the specific direction of qualified medical personnel.  

Report incidents of individual contamination immediately to the RSOR.  

Note the final survey results and time of the survey.  

Record the area of the skin contaminated in square centimeters (cm
2
) on the 

Personnel Contamination Report (Attachment 1).  

Assume the measured activity is distributed over the probe area (the area of a typical 

pancake probe is 15.5 cm
2
) for contamination distributed over an area greater than or 

equal to the area of the probe.  

Determine the actual area of the activity if the area of contamination is less than the 

area of the probe but greater than 1 cm
2
,

Assume an area of 1 cm
2
if the contamination area is less than or equal to 1 cm

2
.

Obtain the information needed to complete the Personnel Contamination Report 
(Attachment 1) when skin decontamination has been successfully completed.  

Complete the applicable parts of the Personnel Contamination Report (Attachment 
1).  



Table 9-2 Decontamination Techniques 

TABLE 4-2
PERSONN
EL 
DECONTA
MINATION 
METHODS 
METHOD 

EFFECTIVE FOR INSTRUCTIONS 



Attachment 1 
Personnel Contamination Event Report (Front) 

Name:                                              Site Badge#.:                                      RWP No.: 

Employer:                                Date:             Time:_______ Location of Incident: 

Description of Work Being Performed: 

Description of Circumstances and the Suspected Cause:
______________________________________________________________________________
______

Skin Contamination Survey Summary 
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* Indicate location on back of form 

Nasal Swab Activity:  Swab 1______________ dpm/100 cm2 Swab 2______________ dpm/100 
cm2

Clothing Contamination Survey Summary 

Item Initial Levels dpm/100 cm2 Decon Method
Final
Results
dpm/100 cm2

Released to 
employee (Y/N)

Bioassay                             Skin Dose                          ROR Follow-up       Potential for 
Intake? 
[ ]Scheduled / [ ] N/A      [ ] Calculated / [ ] NA          [ ] Initiated / [ ] NA           [ ] Yes / [ ] 
N 

________________   ____________________   _____________________   _____________ 
SRSO Date                                RP Technician                    
Date



Attachment 1 (Back of Form) 
Personnel Contamination Event Report

Comments and additional detail (identify by letter and include estimated area in square cm):  

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
________________________________________________ 

RP SURVEY INSTRUMENT(S) INFORMATION 
Instrument Model Serial Number Cal. Due Date



Attachment 3 
Laboratory SOPs 



 
 

   
 
 
 
 
 

 
 

NOTIFICATION: THESE PAGES CONTAIN SENSITIVE BUT UNCLASSIFIED 
INFORMATION WHICH IS PROTECTED BY THE FREEDOM OF INFORMATION ACT 

 
 
 

FOIA Exemption 4 (5 USC 552(b)(4)) 
Privileged/Confidential Trade Secrets, Commercial, Financial Information 

 

Pages 660 to 854 
 
 
 
 

YOU MAY APPEAL THIS DECISION 
 

 
Based on the redaction, this constitutes a partial denial of your request.  Because 
your request has been denied in part, you are advised of your right to appeal this 

determination in writing.  
 

Please refer to the accompanying correspondence from the FOIA Office for 
directions and information about the appeal process. 

 
 
 
 

 

https://www.foia.navy.mil/foia/webbas02.nsf/(vwwebpage)/home.htm?opendocument
https://www.foia.navy.mil/foia/webbas02.nsf/(vwwebpage)/home.htm?opendocument
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Laboratory Certifications
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SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005

GEL LABORATORIES, LLC
2040 Savage Road

Charleston, SC 29414
Robert L. Pullano Phone: (843) 556-8171

rlp@gel.com

ENVIRONMENTAL

Valid To:  June 30, 2019 Certificate Number:  2567.01

In recognition of the successful completion of the A2LA evaluation process, (including an assessment of the laboratory's 
compliance with ISO IEC 17025:2005, the 2009 TNI Environmental Testing Laboratory Standard, the requirements of the DoD 
Environmental Laboratory Accreditation Program (DoD ELAP) as detailed in version 5.1 of the DoD Quality Systems Manual 
for Environmental Laboratories), accreditation is granted to this laboratory to perform the following radiochemical tests in 
various matrices, including soils, drinking water, wastewater, groundwater, fiber air filters, vegetation, animal tissues, milk and 
construction debris:

Test(s) Preparation SOP(s) Analytical SOP(s)

Alpha Spectrometry:
Alpha:  Am-241, Am-243, Cf-252, Cm-242, Cm-243/244, Cm-245/246, 

Np-237, Po-208, Po-209, Po-210, Pu-236, Pu-238, Pu-239/240, 
Pu-241, Pu-242, Pu-244, Ra-224, Ra-226, Th-228, Th-229, 
Th-230, Th-232, U-232, U-233/234, U-235/236, U-238

GL-RAD-A-011,
GL-RAD-A-016,
GL-RAD-A-032, 
GL-RAD-A-035,
GL-RAD-A-036, 
GL-RAD-A-038,
GL-RAD-A-046

GL-RAD-I-009,
GL-RAD-I-015

Radon Emanation:
Ra-226 GL-RAD-A-008,

GL-RAD-A-028
GL-RAD-I-007

Gamma Spectrometry:
Gamma: 46 to 1836 keV,

I-129,
I-131,
Ni-59

GL-RAD-A-006,
GL-RAD-A-013,
GL-RAD-A-022

GL-RAD-I-001

Kinetic Phosphorescence Analyzer:
Total Uranium GL-RAD-A-023 GL-RAD-B-018
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Test(s) Preparation SOP(s) Analytical SOP(s)

Gas Flow Proportional Counting:
Alpha: Total Radium

48 Hour Gross Alpha

Gross Alpha/Gross Beta

Beta: Cl-36, I-131, Pb-210, Ra-228, Sr-89, Sr-90

GL-RAD-A-010,
GL-RAD-A-044

GL-RAD-A-047

GL-RAD-A-001,
GL-RAD-A-001B,
GL-RAD-A-001C,
GL-RAD-A-001D

GL-RAD-A-004,
GL-RAD-A-009,
GL-RAD-A-017,
GL-RAD-A-018,
GL-RAD-A-029,
GL-RAD-A-030,
GL-RAD-A-033,
GL-RAD-A-054,
GL-RAD-A-058

GL-RAD-I-006,
GL-RAD-I-015,
GL-RAD-I-016,
GL-RAD-I-021

Liquid Scintillation Spectrometry:
Gross Alpha/Gross Beta

Alpha: Rn-222

Beta: C-14, Ca-45, Fe-55, H-3, Ni-63, P-32, Pm-147, Pu-241, S-35, Se-
79, Tc-99

Pyrolysis Preparation C-14, H-3 (Special Matrices)

GL-RAD-A-056

GL-RAD-A-007

GL-RAD-A-002,
GL-RAD-A-003,
GL-RAD-A-005,
GL-RAD-A-019,
GL-RAD-A-020,
GL-RAD-A-022,
GL-RAD-A-031,
GL-RAD-A-035,
GL-RAD-A-040,
GL-RAD-A-048,
GL-RAD-A-049,
GL-RAD-A-050,
GL-RAD-A-059
GL-RAD-A-067

GL-RAD-I-004,
GL-RAD-I-014,
GL-RAD-I-017

ICP-MS:
Uranium Isotopes, Tc-99 GL-RAD-A-005,

GL-RAD-A-055
GL-RAD-B-034
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Additionally, In recognition of the successful completion of the A2LA evaluation process, (including an assessment of the 
laboratory's compliance with ISO IEC 17025:2005, the 2009 TNI Environmental Testing Laboratory Standard, the 
requirements of the DoD Environmental Laboratory Accreditation Program (DoD ELAP) as detailed in version 5.1 of the DoD 
Quality Systems Manual for Environmental Laboratories), accreditation is granted to this laboratory to perform recognized 
EPA, Standard Methods for the Examination of Water and Wastewater, ASTM, California and Connecticut test methods using 
the following testing technologies and in the analyte categories identified below:

Testing Technologies
Atomic Absorption/ICP-AES Spectrometry, ICP/MS, Gas Chromatography, Gas Chromatography/Mass Spectrometry, 
Gravimetry, High Performance Liquid Chromatography, Ion Chromatography, Methylene Blue Active Substances, Misc.-
Electronic Probes (pH, O2), Oxygen Demand, Hazardous Waste Characteristics Tests, Spectrophotometry (Visible), 
Spectrophotometry (Automated), IR Spectrometry, Titrimetry, Total Organic Carbon, Total Organic Halide, Turbidity, Liquid 
Chromatography/Mass Spectrometer/Mass Spectrometer and Various Radiochemistry Techniques 

Parameter/Analyte Potable 
Water

Aqueous Film 
Forming Foams 
(AFFF)

Nonpotable Water Solid 
Hazardous 
Waste
(Liquids and 
Solids)

Per-and Polyfluoroalkyl 
Substances (PFAS)
Fluorotelomer sulfonate 4:2 
(4:2 FTS)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Fluorotelomer sulfonate 6:2 
(6:2 FTS)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Fluorotelomer sulfonate 8:2 
(8:2 FTS)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorobutanesulfonate (PFBS) EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorobutyric acid (PFBA) EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15
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Parameter/Analyte Potable 
Water

Aqueous Film 
Forming Foams 
(AFFF)

Nonpotable Water Solid 
Hazardous 
Waste
(Liquids and 
Solids)

Perfluorodecanesulfonate (PFDS) EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorodecanoic acid (PFDA) EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorododecanoic acid 
(PFDoA)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluoroheptanesulfonate 
(PFHpS)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluoroheptanoic acid (PFHpA) EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorohexanesulfonate 
(PFHxS)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorohexanoic acid (PFHxA) EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorononane sulfonate 
(PFNS)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15
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Parameter/Analyte Potable 
Water

Aqueous Film 
Forming Foams 
(AFFF)

Nonpotable Water Solid 
Hazardous 
Waste
(Liquids and 
Solids)

Perfluorononanoic acid (PFNA) EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorooctanesulfonamide
(PFOSA)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorooctanoic acid (PFOA) EPA 537 EPA 537 Mod, PFAS
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluoropentanoic acid (PFPeA) EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorotetradecanoic acid 
(PFTeDA)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluorotridecanoic acid 
(PFTrDA)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluoroundecanoic acid 
(PFUdA)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Perfluoropentanesulfonate 
(PFPeS)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15
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Parameter/Analyte Potable 
Water

Aqueous Film 
Forming Foams 
(AFFF)

Nonpotable Water Solid 
Hazardous 
Waste
(Liquids and 
Solids)

Perfluorooctanesulfonic acid 
(PFOS)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

N-ethyl
perfluorooctanesulfonamidoacetic
acid (N-EtFOSAA)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

N-methyl
perfluorooctanesulfonamido
acetic acid (N-MeFOSAA)

EPA 537 EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod, PFAS 
by LCMSMS 
Compliant with QSM 
5.1 Table B-15

EPA 537 Mod,
PFAS by 
LCMSMS 
Compliant with 
QSM 5.1 Table 
B-15

Propanoic acid (PFPrOPrA) –
GenX

EPA 537 EPA 537 Mod* EPA 537 Mod* ------------

* Non DoD work

Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Metals
Aluminum EPA 200.7/200.8

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Antimony EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B2

Arsenic EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Barium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Beryllium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Bismuth EPA 200.8/6020
EPA 6020/6020A/6020B

EPA 6020/6020A/6020B

Boron EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Cadmium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Calcium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Chromium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Cobalt EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Copper EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Hafnium EPA 200.8
EPA 6020/6020A/6020B

EPA 6020/6020A/6020B

Iron EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Lead EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Lithium EPA 200.8
EPA 6020/6020A/6020B

EPA 6020/6020A/6020B

Magnesium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Manganese EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Mercury EPA 245.1/245.2
EPA 7470/7470A
EPA 1631E

EPA 7470/7470A
EPA 7471A/7471B

Molybdenum EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Nickel EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Phosphorous EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Potassium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Rhenium EPA 200.8
EPA 6020/6020A/6020B

EPA 6020/6020A/6020B

Rhodium EPA 200.8
EPA 6020A/6020B

EPA 6020/6020A/6020B
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Selenium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Silicon1 EPA 200.7
EPA 6010B/6010C/6010D

EPA 6010B/6010C/6010D

Silica as SiO2 EPA 200.7
EPA 6010B/6010C/6010D

EPA 6010B/6010C/6010D

Silver EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B2

Sodium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Strontium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Sulfur EPA 200.7
EPA 6010B/6010C/6010D

EPA 6010B/6010C/6010D

Tantalum EPA 6020/6020A/6020B EPA 6020/6020A/6020B
Thallium EPA 200.7/200.8

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Thorium EPA 200.8
EPA 6020/6020A/6020B

EPA 6020/6020A/6020B

Tin EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B2

Titanium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Tungsten EPA 200.8
EPA 6020/6020A/6020B

EPA 6020/6020A/6020B

Uranium EPA 200.8
EPA 6020/6020A/6020B
ASTM D5174-02/97
DOE U-02

EPA 6020/6020A/6020B
DOE U-02

Isotopic Uranium EPA 200.8
EPA 6020A/6020B

EPA 6020A/6020B

Vanadium EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Zinc EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B

Zirconium EPA 200.8
EPA 6020A/6020B

EPA 6020A/6020B

General Chemistry
Acidity EPA 305.1

SM 2310B
----------

Adsorbable Organic Halogens (AOX) EPA 1650 ----------
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Alkalinity EPA 310.1
SM 2320B

----------

Ammenable Cyanide EPA 9012A/9012B
EPA 335.1
SM 4500-CN- G

EPA 9012A/9012B

Ammonia Nitrogen (and distillation) EPA 350.1
SM 4500NH3 B/H

EPA 350.1 Modified

Biochemical Oxygen Demand (BOD) EPA 405.1
SM 5210 B

----------

Bromide EPA 300.0
EPA 9056A

EPA 9056A3

Carbon Dioxide 
(Total and Free by calculation)

SM 4500-CO2 D ----------

Carbonaceous BOD (CBOD) EPA 405.1
SM 5210B

----------

Chemical Oxygen Demand (COD) EPA 410.4
SM 5220D

----------

Chloride EPA 300.0
EPA 9056A

EPA 9056A3

Chlorine (residual) EPA 330.5
SM 4500-Cl G

----------

Chromium VI EPA 7196A
SM 3500-Cr B

EPA 7196A

Color EPA 110.2
SM 2120B

----------

Corrosivity toward Steel ---------- EPA 1110/1110A
Cyanide EPA 335.4

EPA 9012A/9012B
SM4500-CN-E/G

EPA 9012A/9012B

Density ---------- ASTM D5057
Extractable Organic Halides (EOX) ---------- EPA 9023
Fluoride EPA 300.0

EPA 9056A
EPA 9056A3

Ignitability EPA 1020A/1020B EPA 1020A/1020B
Iodide EPA 300.0

EPA 9056A
EPA 9056A

Hardness (by calculation/titration) EPA 130.2
EPA 200.7/200.8
EPA 6010B/6010C/6010D
EPA 6020/6020A/6020B
SM 2340B/C

EPA 6010B/6010C/6010D
EPA 6020A/6020B

Kjeldahl Nitrogen (TKN) EPA 351.2
SM 4500Norg D

EPA 351.2 Modified

MBAS/Surfactants EPA 425.1
SM 5540C

----------

Nitrate (as N) EPA 300.0
EPA 9056A
SM4500-NO3-F

EPA 9056A3

Nitrate-nitrite (as N) EPA 300.0, 353.2
EPA 9056A
SM 4500 NO3-F

EPA 9056A3
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Nitrite (as N) EPA 300.0
EPA 9056A

EPA 9056A3

Oil & Grease EPA 1664A EPA 1664A2

Organic Nitrogen EPA 350.1
EPA 351.2
TKN – Ammonia

----------

Orthophosphate (as P) EPA 300.0 
EPA 9056A

EPA 9056A3

Oxygen, Dissolved SM 4500O G ----------
Paint Filter Liquids Test ---------- EPA 9095B
Perchlorate EPA 314.0

EPA 6850
EPA 314.0 Modified
EPA 6850

pH EPA 150.1
EPA 9040B/9040C
EPA 9041A
SM 4500-H+ B

EPA 9040B/9040C
EPA 9045C/9045D

Reactive Cyanide Sec 7.3.3 SW846 Sec 7.3.3 SW846
Reactive Sulfide Sec 7.3.4 SW846 Sec 7.3.4 SW846
Residue- Filterable (TDS) EPA 160.1

SM 2540C
----------

Residue- Nonfilterable (TSS) EPA 160.2
SM 2540D

----------

Residue- Total EPA 160.3
SM 2540B

----------

Residue- Total, fixed, and volatile SM 2540G ----------
Residue- Volatile EPA 160.4 

SM 2540E
----------

Salinity SM 2520B ----------
Specific conductance EPA 120.1

EPA 9050A/120.1
SM 2510B

----------

Sulfate EPA 300.0
EPA 9056A

EPA 9056A3

Sulfite SM 4500-SO3
2- B ----------

Sulfide EPA 376.2
EPA 9030B
EPA 9034
SM 4500 S2-D

EPA 9030B
EPA 9034

Total Nitrate-Nitrite EPA 353.2
SM 4500-NO3

-F
----------

Total Organic Carbon (TOC) EPA 9060/9060A
SM 5310B/415.1

EPA 9060/9060A2

Total Organic Halides (TOX) EPA 9020B EPA 9020B2

Total Petroleum Hydrocarbons EPA 1664A EPA 1664A
Total Phenolics EPA 420.4

EPA 9066 
EPA 9066

Total Phosphorous EPA 365.4
SM 4500-P H

EPA 365.4 Modified

Turbidity EPA 180.1
SM 2130B

----------
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Organic Analytes
1,2-Dibromo-3-chloropropane (DBCP) EPA 504.1

EPA 624.1
EPA 8011
EPA 8260B/8260C

EPA 8260B/8260C

1,2 Dibromoethane (EDB) EPA 504.1
EPA 624.1
EPA 8011
EPA 8260B/8260C

EPA 8260B/8260C

1,2,3-Trichloropropane EPA 504.1
EPA 624.1
EPA 8011
EPA 8260B/8260C

EPA 8260B/8260C

Purgeable Organics (Volatiles)
1,1,1,2-Tetrachloroethane EPA 624.1

EPA 8260B/8260C
EPA 8260B/8260C

1,1,1-Trichloroethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,1,2,2-Tetrachloroethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,1,2-Trichloro-1,2,2-trifluoroethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,1,2-Trichloroethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,1-Dichloroethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,1-Dichloroethene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,1-Dichloropropene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,2,3-Trichlorobenzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,2,3-Trichloropropane EPA 504.1
EPA 624.1
EPA 8011
EPA 8260B/8260C

EPA 8260B/8260C

1,2,4-Trichlorobenzene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,2,4-Trimethylbenzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8060C

1,2-Dichlorobenzene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,2-Dichloroethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

1,2-Dichloropropane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,3,5-Trimethylbenzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,3-Dichlorobenzene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,3-Dichloropropane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

1,4-Dichlorobenzene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,4-Dioxane EPA 522
EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D/

EPA 8260B/8260C
EPA 8270C/8270D

1-Chlorohexane EPA 8260B EPA 8260B
2,2-Dichloropropane EPA 624.1

EPA 8260B/8260C
EPA 8260B/8260C

2-Butanone (Methyl Ethyl Ketone) EPA 624.1
EPA 8015C/8015D
EPA 8260B/8260C

EPA 8015C/8015D
EPA 8260B/8260C

2-Chloroethyl vinyl ether EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

2-Chlorotoluene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

2-Hexanone EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

2-Nitropropane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

2-Pentanone EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

4-Chlorotoluene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

4-Isopropyltoluene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

4-Methyl-2-pentanone EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Acetone EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Acetonitrile EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Acrolein (propanol) EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Acrylonitrile EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Allyl Chloride EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Benzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Benzyl chloride EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Bis(2-chloro-1 methyl-ethyl) ether EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

Bromobenzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Bromochloromethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Bromodichloromethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Bromoform EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Bromomethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Carbon disulfide EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Carbon tetrachloride EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Chlorobenzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Chloroethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Chloroform EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Chloromethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Chloroprene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

cis-1,2-Dichloroethene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

cis-1,3-Dichloropropene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

cis-1,4-Dichloro-2-butene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Cyclohexane EPA 8260B/8260C EPA 8260B/8260C
Cyclohexanone EPA 8260B/8260C EPA 8260B/8260C
Cyclohexene EPA 8260B EPA 8260B
Dibromochloromethane EPA 624.1

EPA 8260B/8260C
EPA 8260B/8260C

Dibromomethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Dichlorodifluoromethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Diethyl ether EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Ethyl Acetate EPA 624.1
EPA 8015C/8015D
EPA 8260B/8260C

EPA 8015C/8015D
EPA 8260B/8260C

Ethyl Benzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Ethyl methacrylate EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Ethyl tert-butyl ether EPA 8260B EPA 8260B
Hexachlorobutadiene EPA 624.1

EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

Hexane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Iodomethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Isobutyl alcohol EPA 624.1
EPA 8015B/8015C
EPA 8260B/8260C

EPA 8260B/8260C

Isopropyl alcohol EPA 8260B EPA 8260B
Isopropylbenzene EPA 624.1

EPA 8260B/8260C
EPA 8260B/8260C

Isopropyl ether EPA 8260B EPA 8260B
m+p-Xylene EPA 624.1

EPA 8260B/8260C
EPA 8260B/8260C

Methacrylonitrile EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Methyl acetate EPA 8260B/8260C EPA 8260B/8260C
Methyl methacrylate EPA 624.1

EPA 8260B/8260C
EPA 8260B/8260C

Methyl tert-amyl ether (TAME) EPA 8260B EPA 8260B
Methyl tert-butyl ether (MTBE) EPA 624.1

EPA 8260B/8260C
EPA 8260B/8260C

Methylcyclohexane EPA 8260B/8260C EPA 8260B/8260C
Methylene chloride EPA 624.1

EPA 8260B/8260C
EPA 8260C

Naphthalene EPA 624.1
EPA 625.1
EPA 8310
EPA 8260B/8260C
EPA 8270C/8270D4

EPA 8310
EPA 8260B/8260C
EPA 8270C/8270D4

n-Butyl alcohol EPA 624.1
EPA 8015C/8015D
EPA 8260B/8260C

EPA 8015C/8015D
EPA 8260B/8260C

n-Butylbenzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

n-Propylbenzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

o-Xylene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C
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(Liquids and Solids)

Pentachloroethane EPA 624.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

Propionitrile EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Sec-Butylbenzene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Styrene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

tert-Butyl Alcohol EPA 8260B/8260C EPA 8260B/8260C
tert-Butylbenzene EPA 624.1

EPA 8260B/8260C
EPA 8260B/8260C

Tetrachloroethene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Tetrahydrofuran EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Toluene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

trans-1,2-Dichloroethene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

trans-1,3-Dichloropropene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

trans-1,4-Dichloro-2-butene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Trichloroethene EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Trichlorofluoromethane EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Trihalomethanes EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Vinyl acetate EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Vinyl chloride EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Xylenes, total EPA 624.1
EPA 8260B/8260C

EPA 8260B/8260C

Semivolatile Compounds
1,2,4,5-Tetrachlorobenzene EPA 625.1

EPA 8270C/8270D
EPA 8270C/8270D

1,2,4-Trichlorobenzene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,2-Dichlorobenzene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,2-Diphenylhydrazine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

1,3,5-Trinitrobenzene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D

1,3-Dichlorobenzene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,3-Dinitrobenzene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D

1,4-Dichlorobenzene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,4-Dioxane EPA 522
EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

1,4-Dinitrobenzene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

1,4-Naphthoquinone EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

1,4-Phenylenediamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

1-Methylnaphthalene EPA 625.1
EPA 8270C/8270D4

EPA 8270C/8270D4

1-Naphthylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,2-Dichlorobenzil EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,3,4,6-Tetrachlorophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,3-Dichloroaniline EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,4,5-Trichlorophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,4,6-Trichlorophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,4-Dichlorophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,4-Dimethylphenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,4-Dinitrophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2,4-Dinitrotoluene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D

2,6-Dichlorophenol EPA 625.1/8270C/8270D EPA 8270C/8270D



(A2LA Cert. No. 2567.01) Revised 06/26/2018 Page 17 of 31

Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

2,6-Dinitrotoluene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D

2-Acetylaminofluorene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2-Butoxyethanol EPA 8270C/8270D EPA 8270C/8070D
2-Chloronaphthalene EPA 625.1

EPA 8270C/8270D4
EPA 8270C/8270D4

2-Chlorophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2-Ethoxyethanol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2-Methyl-4,6-Dinitrophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2-Methylnaphthalene EPA 625.1
EPA 8270C/8270D4

EPA 8270C/8270D

2-Methylphenol (o-cresol) EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2-Naphthylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2-Nitroaniline EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2-Nitrophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

2-Picoline (2-Methylpyridine) EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

3,3’-Dichlorobenzidine EPA 625.1
EPA 8270C/8270D4

EPA 8270C/8270D

3,3’-Dimethylbenzidine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

3/4-Methylphenols(m/p cresols) EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

3-Methylcholanthrene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

3-Nitroaniline EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

4,4-Dichlorodiphenyl sulfone EPA 8270C/8270D EPA 8270C/8270D
4-Aminobiphenyl EPA 625.1

EPA 8270C/8270D
EPA 8270C/8270D

4-Bromophenyl phenyl ether EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

4-Chloro-3-methylphenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

4-Chloroaniline EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

4-Chlorophenyl phenyl ether EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

4-Nitroaniline EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

4-Nitrophenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D
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5-Nitro-o-toluidine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

7,12-Dimethylbenz(a)anthracene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Acenaphthene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Acenaphthylene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Acetophenone EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

alpha, alpha-Dimethylphenethylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

alpha-Terpineol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Aniline EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Anthracene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Aramite EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Atrazine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Benzaldehyde EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Benzidine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Benzo (a) anthracene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Benzo (a) pyrene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Benzo (b) fluoranthene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Benzo (ghi) perylene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Benzo (k) fluoranthene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Benzoic acid EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Benzyl alcohol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Biphenyl EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D
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Bis(2-chloroethoxy) methane EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Bis(2-chloroethyl) ether EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Bis(2-chloro-1 methyl-ethyl) ether EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Bis(2-ethylhexyl) phthalate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Butyl benzyl phthalate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Caprolactam EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Carbazole EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Chlorobenzilate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Chrysene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

cis-Diallate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Diallate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Dibenzo (a,e) pyrene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Dibenzo (a,h) anthracene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Dibenzofuran EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Diethyl phthalate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Dimethoate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Dimethyl phthalate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Di-n-butyl phthalate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Di-n-octyl phthalate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Dinoseb EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Diphenylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Disulfoton EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Ethyl methacrylate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Ethyl methanesulfonate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D
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(Liquids and Solids)

Famphur EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Fluoranthene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Fluorene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Hexachlorobenzene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Hexachlorobutadiene EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

Hexachlorocyclopentadiene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Hexachloroethane EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Hexachlorophene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Hydroxymethyl phthalimide EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Indeno (1,2,3-cd) pyrene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Isodrin EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Isophorone EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Isosafrole EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Kepone EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Methapyrilene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Methyl methacrylate EPA 8270C/8270D EPA 8270C/8270D
Methyl methanesulfonate EPA 625.1

EPA 8270C/8270D
EPA 8270C/8270D

Methyl parathion EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Methylene bis(2-chloroaniline) EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Naphthalene EPA 624.1
EPA 625.1
EPA 8310
EPA 8260B/8260C
EPA 8270C/8270D4

EPA 8310
EPA 8260B/8260C
EPA 8270C/8270D4

Nitrobenzene EPA 625.1
EPA 8330A
EPA 8270C/8270D

EPA 8330A
EPA 8270C/8270D
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Nitroquinoline-1-oxide EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Decane EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Nitrosodietheylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Nitrosodimethylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Nitrosodimethylethylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Nitrosodi-n-butylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Nitrosodi-n-propylamine EPA 625.1
EPA 8270C/8270D4

EPA 8270C/8270D

n-Nitrosodiphenylamine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Nitrosomorpholine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Nitrosopiperidine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

n-Nitrosopyrrolidine EPA 625.1
EPA 8270C/8270D4

EPA 8270C/8270D

n-Octadecane EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

o,o,o-Triethyl phosphorothioate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

o-Toluidine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Parathion, ethyl EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

p-Dimethylaminoazobenzene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Pentachlorobenzene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Pentachloroethane EPA 624.1
EPA 625.1
EPA 8260B/8260C
EPA 8270C/8270D

EPA 8260B/8260C
EPA 8270C/8270D

Pentachloronitrobenzene EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Pentachlorophenol EPA 625.1
EPA 8151A
EPA 8270C/8270D

EPA 8151A
EPA 8270C/8270D

Phenacetin EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Phenanthrene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Phenol EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Phorate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Pronamide (Kerb) EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Pyrene EPA 625.1
EPA 8310
EPA 8270C/8270D4

EPA 8310
EPA 8270C/8270D4

Pyridine EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Safrole EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Sulfotepp EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Thionazin (Zinophos) EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

trans-Diallate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Tributyl Phosphate EPA 625.1
EPA 8270C/8270D

EPA 8270C/8270D

Pesticides & PCBs
2,4’-DDD EPA 8081A/8081B EPA 8081A/8081B
2,4’-DDE EPA 8081A/8081B EPA 8081A/8081B
2,4’-DDT EPA 8081A/8081B EPA 8081A/8081B
4,4’-DDT EPA 608.3

EPA 8081A/8081B
EPA 8081A/8081B

4,4’-DDD EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

4,4’-DDE EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Aldrin EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

alpha-BHC EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

beta-BHC EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Chlordane (N.O.S) EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

cis-Chlordane (alpha-Chlordane) EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

cis-Nonachlor EPA 8081A/8081B EPA 8081A/8081B
delta-BHC EPA 608.3

EPA 8081A/8081B
EPA 8081A/8081B

Dieldrin EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Endonsulfan sulfate EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Endosulfan I EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Endosulfan II EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Endrin EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Endrin aldehyde EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Endrin ketone EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

gamma-BHC EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Heptachlor EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Heptachlor epoxide EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

Hexachlorobenzene EPA 8081A/8081B EPA 8081A/8081B
Methoxychlor EPA 608.3

EPA 8081A/8081B
EPA 8081A/8081B

Mirex EPA 8081A/8081B EPA 8081A/8081B
Oxychlordane EPA 8081A/8081B EPA 8081A/8081B
Toxaphene EPA 608.3

EPA 8081A/8081B
EPA 8081A/8081B

trans-Chlordane EPA 608.3
EPA 8081A/8081B

EPA 8081A/8081B

trans-Nonachlor EPA 8081A/8081B EPA 8081A/8081B
PCB-1016 (Aroclor) EPA 608.3

EPA 8082/8082A
EPA 8082/8082A

PCB-1221 EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

PCB-1232 EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

PCB-1242 EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

PCB-1248 EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

PCB-1254 EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

PCB-1260 EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

PCB-1262 EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

PCB-1268 EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

Total Aroclors EPA 608.3
EPA 8082/8082A

EPA 8082/8082A

FID Compounds
1,1,1-Trichloroethane EPA 8015C/8015D EPA 8015C/8015D
2-Butanone (Methyl Ethyl Ketone) EPA 624.1

EPA 8015C/8015D
EPA 8260B/8260C

EPA 8015C/8015D
EPA 8260B/8260C

4-Methyl-2-Pentanone EPA 8015C/8015D EPA 8015C/8015D
Acetone EPA 8015C/8015D EPA 8015C/8015D
Benzene EPA 8015C/8015D EPA 8015C/8015D
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Chloroform EPA 8015C/8015D EPA 8015C/8015D
Diesel Range Organics (DRO) EPA 8015C/8015D EPA 8015C/8015D
Diethylene glycol EPA 8015C/8015D EPA 8015C/8015D
Ethanol EPA 8015C/8015D EPA 8015C/8015D
Ethyl acetate EPA 624.1

EPA 8015C/8015D
EPA 8260B/8260C

EPA 8015C/8015D
EPA 8260B/8260C

Ethylbenzene EPA 8015C/8015D EPA 8015C/8015D
Ethylene glycol EPA 8015C/8015D EPA 8015C/8015D
Gas Range Organics (GRO) EPA 8015C/8015D EPA 8015C/8015D
Kerosene EPA 8015C/8015D EPA 8015C/8015D
Isobutyl alcohol EPA 624.1

EPA 8015C/8015D
EPA 8260B/8260C

EPA 8015C/8015D
EPA 8260B/8260C

Isopropyl alcohol (2-Propanol) EPA 8015C/8015D EPA 8015C/8015D
m, p-Xylenes EPA 8015C/8015D EPA 8015C/8015D
Methanol EPA 8015C/8015D EPA 8015C/8015D
Methylene chloride EPA 8015C/8015D EPA 8015C/8015D
n-Butyl alcohol EPA 624.1

EPA 8015C/8015D
EPA 8260B/8260C

EPA 8015C/8015D
EPA 8260B/8260C

o-Xylene EPA 8015C/8015D EPA 8015C/8015D
Propylene glycol EPA 8015C/8015D EPA 8015C/8015D
Toluene EPA 8015C/8015D EPA 8015C/8015D
Triethylene glycol EPA 8015C/8015D EPA 8015C/8015D
Volatile Petroleum Products NWTPH-Gx(WDOE) NWTPH-Gx(WDOE)
Semi-Volatile Petroleum Products NWTPH-Dx(WDOE) NWTPH-Dx(WDOE)
C8-C10 Aliphatic, Aromatic EPH WDOE EPH WDOE EPH
>C10-C12 Aliphatic, Aromatic EPH WDOE EPH WDOE EPH
>C12-C16 Aliphatic, Aromatic EPH WDOE EPH WDOE EPH
>C16-C21 Aliphatic, Aromatic EPH WDOE EPH WDOE EPH
>C21-C34 Aliphatic, Aromatic EPH WDOE EPH WDOE EPH
Alaska GRO AK-101 (GRO) AK-101 (GRO)
Alaska DRO AK-102 (DRO) AK-102 (DRO)
Alaska RRO AK-103 (RRO) AK-103 (RRO)
EPH Aliphatic C9-C18 MADEP EPH MADEP EPH
EPH Aliphatic C19-C36 MADEP EPH MADEP EPH
EPH Aromatic C11-C22 Unadjusted MADEP EPH MADEP EPH

Nitrosamines, Nitroaromatics
8330A is by either LC/MS/MS or HPLC
8330B is by LC/MS/MS

1,3,5-Trinitrobenzene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D

1,3-Dinitrobenzene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D

2,4,6-Trinitrotoluene EPA 8330A/8330B5 EPA 8330A/8330B5

2,4-Dinitrotoluene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

2,6-Dinitrotoluene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D

2-Amino-4,6-Dinitrotoluene EPA 8330A/8330B5 EPA 8330A/8330B5

2-Nitrotoluene EPA 8330A/8330B5 EPA 8330A/8330B5

Nitrosamines, Nitroaromatics
8330B is by LC/MS/MS.  8330A is by 
either LC/MS/MS or HPLC

3,5-Dinitroaniline EPA 8330B5 EPA 8330B5

3-Nitrotoluene EPA 8330A/8330B5 EPA 8330A/8330B5

4-Amino-2,6-Dinitrotoluene EPA 8330A/8330B5 EPA 8330A/8330B5

4-Nitrotoluene EPA 8330A/8330B5 EPA 8330A/8330B5

Hexahydro-1,3,5-trinitro-1,3,5-triazine
(RDX)

EPA 8330A/8330B5 EPA 8330A/8330B5

Nitrobenzene EPA 625.1
EPA 8330A/8330B5

EPA 8270C/8270D

EPA 8330A/8330B5

EPA 8270C/8270D

Nitroglycerin EPA 8330A/8330B5 EPA 8330A/8330B5

Octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine (HMX)

EPA 8330A/8330B5 EPA 8330A/8330B5

Pentaerythritoltetranitrate (PETN) EPA 8330A/8330B5 EPA 8330A/8330B5

Tetryl (methyl-2,4,6-
trinitrophenylnitramine)

EPA 8330A/8330B5 EPA 8330A/8330B5

Dissolved Gases by FID
Ethane RSK 175 -------------------
Ethene RSK 175 -------------------
Methane RSK 175 -------------------

Herbicides
2,4-D EPA 8151A EPA 8151A
2,4-DB EPA 8151A EPA 8151A
Dalapon EPA 8151A EPA 8151A
Dicamba EPA 8151A EPA 8151A
Dichloroprop EPA 8151A EPA 8151A
Dinoseb EPA 625.1

EPA 8151A
EPA 8270C/8270D

EPA 8151A
EPA 8270C/8270D

MCPA EPA 8151A EPA 8151A
MCPP EPA 8151A EPA 8151A
2,4,5-T EPA 8151A EPA 8151A
2,4,5-TP (Silvex) EPA 8151A EPA 8151A
Pentachlorophenol EPA 8151A EPA 8151A

Radiochemistry
Barium 133 DOE 4.5.2.3 DOE 4.5.2.3
Cesium 134 EPA 901.1

DOE 4.5.2.3
DOE 4.5.2.3

Cesium 137 EPA 901.1
DOE 4.5.2.3

DOE 4.5.2.3
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Cobalt-60 EPA 901.1
DOE 4.5.2.3

DOE 4.5.2.3

Gamma Emitters EPA 901.1
DOE 4.5.2.3

DOE 4.5.2.3

Gross Alpha EPA 900.0
EPA 9310

EPA 9310

Gross Beta EPA 900.0
EPA 9310

EPA 9310

Radioactive Iodine EPA 901.1
EPA 902.0
DOE 4.5.2.3

DOE 4.5.2.3

Radium-226 EPA 903.0/903.1
DOE Ra-04

DOE Ra-04

Radium-228 EPA 904.0
EPA 9320
DOE 4.5.2.3

EPA 9320
DOE 4.5.2.3

Total Alpha Radium EPA 903.0
EPA 9315

EPA 9315

Radon-222 SM 7500 Rn-B ----------
Strontium-89 EPA 905.0

DOE Sr-01
DOE Sr-01

Strontium-90 EPA 905.0
DOE Sr-02

DOE Sr-02

Thorium EMSL-LV EMSL-LV
Tritium EPA 906.0 EPA 906.0 Modified
Uranium EPA 200.8

EPA 6020/6020A
ASTM D5174-02/97
DOE U-02

EPA 6020/6020A
DOE U-02

Zinc-65 EPA 901.1
DOE 4.5.2.3

DOE 4.5.2.3

Preparatory and Clean-up Methods
Toxicity Characteristic Leaching 
Procedure (Inorganics, Extractable 
Organics, Volatile Organics)

EPA 1311 EPA 1311

Synthetic Precipitation Leaching 
Procedure 

EPA 1312 EPA 1312

Waste Extraction Test (W.E.T.) CCR Ch. 11, Article 5, Appendix II CCR Ch. 11, Article 5, 
Appendix II

Anion Preparation EPA 9056A3 EPA 9056A3

Cyanide Distillation EPA 9010B/9010C
SM 4500CN- C

EPA 9010B/9010C3

Sulfide Distillation EPA 9030B EPA 9030B
Metals Digestion EPA 200.2

EPA 3005A
EPA 3010A

EPA 3050B

Alkaline Digestion for Hex Chromium ---------- EPA 3060A
Bomb Preparation for Solid Waste ---------- EPA 5050
Mercury Preparation EPA 245.1/245.2

EPA 7470/7470A
EPA 7471A/7471B
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Parameter/Analyte Nonpotable Water Solid Hazardous Waste
(Liquids and Solids)

Separatory Funnel Liquid-Liquid 
Extraction 

EPA 3510C ----------

Solid Phase Extraction EPA 3535A EPA 3535A (Liquid)
Automated Soxhlet Extraction ---------- EPA 3541
Ultrasonic Extraction ---------- EPA 3550C
Waste Dilution ---------- EPA 3580A
Waste Dilution for Volatile Organics ---------- EPA 3585
Purge and Trap for Volatile Organics EPA 5030A/5030B/5030C EPA 5035/5035A/5035H/5035L
Alumina Clean-up ---------- EPA 3610B

EPA 3611B
Florisil Clean-up EPA 3620B/3260C EPA 3620B/3620C
Silica Gel Clean-up ---------- EPA 3630C
Gel Permeation Clean-up ---------- EPA 3640A
Sulfur Clean-up EPA 3660B EPA 3660B
Sulfuric Acid/Permanganate Clean-up EPA 3665A EPA 3665A

1 – Calculated from silica determination
2 – Applicable only to liquid ‘Solid Hazardous Waste’, where liquids may include aqueous, non-aqueous, and oily wastes.  

Solids may include soils, sediments, sludges, tissues, filters and any matrix deemed non-liquid.
3 – The referenced method is modified to include a simple prep for non-aqueous and/or solid matrix samples.
4 – The analytes may be determined by Selective Ion Monitoring (SIM) using either 8270C or 8270D.
5 – 8330B analysis is performed on LC/MS/MS.  8330A may be performed on either LC/MS/MS or HPLC.

Metals on Filters Air Filters
Aluminum EPA 6010B/6010C/6010D

NIOSH 7303
Antimony EPA 6010B/6010C/6010D

NIOSH 7303
Arsenic EPA 6010B/6010C/6010D

NIOSH 7303
Barium EPA 6010B/6010C/6010D

NIOSH 7303
Beryllium EPA 6010B/6010C/6010D

NIOSH 7303
Cadmium EPA 6010B/6010C/6010D

NIOSH 7303
Calcium EPA 6010B/6010C/6010D

NIOSH 7303
Chromium EPA 6010B/6010C/6010D

NIOSH 7303
Cobalt EPA 6010B/6010C/6010D

NIOSH 7303
Copper EPA 6010B/6010C/6010D

NIOSH 7303
Iron EPA 6010B/6010C/6010D

NIOSH 7303
Lead EPA 6010B/6010C/6010D

NIOSH 7303
Magnesium EPA 6010B/6010C/6010D

NIOSH 7303
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Metals on Filters Air Filters
Manganese EPA 6010B/6010C/6010D

NIOSH 7303
Molybdenum EPA 6010B/6010C/6010D

NIOSH 7303
Nickel EPA 6010B/6010C/6010D

NIOSH 7303
Phosphorous EPA 6010B/6010C/6010D

NIOSH 7303
Potassium EPA 6010B/6010C/6010D

NIOSH 7303
Selenium EPA 6010B/6010C/6010D

NIOSH 7303
Sodium EPA 6010B/6010C/6010D

NIOSH 7303
Strontium EPA 6010B/6010C/6010D

NIOSH 7303
Sulfur EPA 6010B/6010C/6010D

NIOSH 7303
Tin EPA 6010B/6010C/6010D

NIOSH 7303
Titanium EPA 6010B/6010C/6010D

NIOSH 7303
Uranium EPA 6010B/6010C/6010D

NIOSH 7303
Vanadium EPA 6010B/6010C/6010D

NIOSH 7303
Zinc EPA 6010B/6010C/6010D

NIOSH 7303

Drinking Water Organics Drinking Water
1,2-Dibromo-3-chloropropane (DBCP) EPA 504.1

EPA 524.2
1,2 Dibromoethane (EDB) EPA 504.1

EPA 524.2
1,2,3-Trichloropropane EPA 504.1
1,4-Dioxane EPA 522
1,1,1,2-Tetrachloroethane EPA 524.2
1,1,1-Trichloroethane EPA 524.2
1,1,2,2-Tetrachloroethane EPA 524.2
1,1,2-Trichloroethane EPA 524.2
1,1-Dichloroethane EPA 524.2
1,1-Dichloroethene EPA 524.2
1,1-Dichloropropene EPA 524.2
1,2,3-Trichlorobenzene EPA 524.2
1,2,3-Trichloropropane EPA 524.2
1,2,4-Trichlorobenzene EPA 524.2
1,2,4-Trimethylbenzene EPA 524.2
1,2-Dichlorobenzene EPA 524.2
1,2-Dichloroethane EPA 524.2
1,2-Dichloropropane EPA 524.2
1,3,5-Trimethylbenzene EPA 524.2
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Drinking Water Organics Drinking Water
1,3-Dichlorobenzene EPA 524.2
1,3-Dichloropropane EPA 524.2
1,4-Dichlorobenzene EPA 524.2
2,2-Dichloropropane EPA 524.2
2-Butanone (Methyl Ethyl Ketone) EPA 524.2
2-Chlorotoluene EPA 524.2
2-Hexanone EPA 524.2
4-Chlorotoluene EPA 524.2
4-Isopropyltoluene EPA 524.2
4-Methyl-2-pentanone EPA 524.2
Acetone EPA 524.2
Benzene EPA 524.2
Bromobenzene EPA 524.2
Bromochloromethane EPA 524.2
Bromodichloromethane EPA 524.2
Bromoform EPA 524.2
Bromomethane EPA 524.2
Carbon disulfide EPA 524.2
Carbon tetrachloride EPA 524.2
Chlorobenzene EPA 524.2
Chloroethane EPA 524.2
Chloroform EPA 524.2
Chloromethane EPA 524.2
cis-1,2-Dichloroethene EPA 524.2
cis-1,3-Dichloropropene EPA 524.2
Dibromochloromethane EPA 524.2
Dibromomethane EPA 524.2
Dichlorodifluoromethane EPA 524.2
Ethyl Benzene EPA 524.2
Hexachlorobutadiene EPA 524.2
Iodomethane EPA 524.2
Isopropylbenzene EPA 524.2
Methyl tert-butyl ether (MTBE) EPA 524.2
Methylene chloride EPA 524.2
m+p-Xylene EPA 524.2
Naphthalene EPA 524.2
n-Butylbenzene EPA 524.2
n-Propylbenzene EPA 524.2
o-Xylene EPA 524.2
Sec-Butylbenzene EPA 524.2
Styrene EPA 524.2
tert-Butylbenzene EPA 524.2
Tetrachloroethene EPA 524.2
Toluene EPA 524.2
trans-1,2-Dichloroethene EPA 524.2
trans-1,3-Dichloropropene EPA 524.2
Trichloroethene EPA 524.2
Trihalomethanes EPA 524.2
Vinyl chloride EPA 524.2
Xylenes, total EPA 524.2
Bromoacetic acid EPA 552.2
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Drinking Water Organics Drinking Water
Bromochloroacetic acid EPA 552.2
Chloroacetic acid EPA 552.2
Dibromoacetic acid EPA 552.2
Dichloroacetic acid EPA 552.2
Trichloroacetic acid EPA 552.2

Additionally, in recognition of the successful completion of the A2LA evaluation process (including an assessment 
of the laboratory's compliance with the 2009 TNI Environmental Testing Laboratory Standard Requirements), 
accreditation is granted to this laboratory to perform the following bioassay analyses on bone, tissue, urine, fecal, 
and nasal swabs.

Bioassay Analysis(s) Preparation SOP(s) Analytical SOP(s)

Alpha Spectrometry:
Alpha: Am-241, Cm-242, Cm-243/244, Cm 245/246, Cf-252, 

Np-237, Po-208, Po-209, Po-210, Pu-236, Pu-238, Pu-
239/240, Pu-242, Pu-244, Ra-224, Ra-226, Th-228, Th-
229, Th-230, Th-232, U-232, U-233/234, U-235/236, U-
238

GL-RAD-B-001,
GL-RAD-B-002,
GL-RAD-B-003, 
GL-RAD-B-010, 
GL-RAD-B-012,
GL-RAD-B-013,
GL-RAD-B-017,
GL-RAD-B-038, 
GL-RAD-B-040,
GL-RAD-B-041
GL-RAD-B-042

GL-RAD-B-009

Liquid Scintillation Spectrometry:
C-14, Fe-55, Gross Alpha, H-3, Ni-59, Ni-63, Pu-
241, Tc-99

GL-RAD-B-001,
GL-RAD-B-008,
GL-RAD-B-011,
GL-RAD-B-012,
GL-RAD-B-013,
GL-RAD-B-016,
GL-RAD-B-020,
GL-RAD-B-023

GL-RAD-I-004,
GL-RAD-I-014,
GL-RAD-I-017

Gas Flow Proportional Counting:
Beta: Sr-90 GL-RAD-B-001 GL-RAD-I-006,

GL-RAD-I-015,
GL-RAD-I-016

Bioassay Analysis(s) Preparation SOP(s) Analytical SOP(s)

Gross Alpha/Gross Beta GL-RAD-B-022 GL-RAD-I-006
Kinetic Phosphorescence Analyzer:

Total Uranium GL-RAD-B-019 GL-RAD-B-018
Radon Emanation:

Ra-226 GL-RAD-B-002 GL-RAD-I-007
Refractometer:

Specific Gravity GL-RAD-B-027 GL-RAD-B-027
ICP-MS:

Uranium Isotopes GL-RAD-B-035 GL-RAD-B-034
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Gamma Spectrometry:
Gamma: Ni-59, 46 to 1836 keV GL-RAD-B-020,

GL-RAD-A-013
GL-RAD-I-001



For the tests to which this accreditation applies, please refer to the laboratory’s Environmental Scope of Accreditation.

Accredited Laboratory 
A2LA has accredited 

GEL LABORATORIES, LLC 
Charleston, SC  

for technical competence in the field of 

Environmental Testing 
In recognition of the successful completion of the A2LA evaluation process that includes an assessment of the laboratory’s 
compliance with ISO/IEC 17025:2005, the 2009 TNI Environmental Testing Laboratory Standard, and the requirements of the 

Department of Defense Environmental Laboratory Accreditation Program (DoD ELAP) as detailed in Version 5.1 of the DoD Quality 
System Manual for Environmental Laboratories (QSM), accreditation is granted to this laboratory to perform recognized EPA 

methods as defined on the associated A2LA Environmental Scope of Accreditation. This accreditation demonstrates technical  
competence for this defined scope and the operation of a laboratory quality management system  

(refer to joint ISO-ILAC-IAF Communiqué dated 8 January 2009). 

Presented this 30th day of August 2017. 

 _______________________ 
President and CEO 
For the Accreditation Council 
Certificate Number 2567.01  
Valid to June 30, 2019 
Revised June 26, 2018 



GEL Laboratories, LLC

Charleston, SC 29407 

CALIFORNIA STATE
ENVIRONMENTAL LABORATORY ACCREDITATION PROGRAM 

Accredited Fields of Testing

Certificate No. 2940

Phone: (843) 556-8171

Expiration Date 10/31/20192040 Savage Road

Primary Accreditation 
Body

106 - Radiochemistry of Drinking WaterField of Testing:

Gross Alpha EPA 900.0106.010 001 UT

Gross Beta EPA 900.0106.010 002 UT

Radioactive Cesium EPA 901.1106.030 001 UT

Radioactive Iodine EPA 901.1106.030 002 UT

Gamma Emitters EPA 901.1106.030 003 UT

Radioactive Iodine EPA 902.0106.040 001 UT

Total Alpha Radium EPA 903.0106.050 001 UT

Radium-226 EPA 903.0106.050 002 UT

Radium-226 EPA 903.1106.051 001 UT

Radium-228 EPA 904.0106.060 001 UT

Strontium-89, 90 EPA 905.0106.070 001 UT

Strontium-89 EPA 905.0106.070 002 UT

Strontium-90 EPA 905.0106.070 003 UT

Tritium EPA 906.0106.080 001 UT

Uranium EPA 200.8106.092 001 UT

Gross Alpha EPA 00-02106.120 001 UT

Uranium DOE U-02106.230 001 UT

Radioactive Iodine DOE 4.5.2.3106.250 002 UT

Gamma Emitters DOE 4.5.2.3106.250 003 UT

Uranium ASTM D5174-97106.480 001 UT

Radon-222 SM7500-Rn106.610 001 UT

108 - Inorganic Chemistry of WastewaterField of Testing:

Conductivity EPA 120.1108.020 001 UT

Residue, Volatile EPA 160.4108.090 001 UT

Turbidity EPA 180.1108.110 001 UT

Boron EPA 200.7108.112 001 UT

Calcium EPA 200.7108.112 002 UT

Hardness (calculation) EPA 200.7108.112 003 UT

Magnesium EPA 200.7108.112 004 UT

Potassium EPA 200.7108.112 005 UT

Silica, Dissolved EPA 200.7108.112 006 UT

Sodium EPA 200.7108.112 007 UT

Boron EPA 200.8108.113 001 UT

As of 11/5/2018 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 1 of 6
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Calcium EPA 200.8108.113 002 UT

Magnesium EPA 200.8108.113 003 UT

Bromide EPA 300.0108.120 001 UT

Chloride EPA 300.0108.120 002 UT

Fluoride EPA 300.0108.120 003 UT

Sulfate EPA 300.0108.120 008 UT

Nitrate (as N) EPA 300.0108.120 012 UT

Nitrate-Nitrite (as N) EPA 300.0108.120 013 UT

Nitrite (as N) EPA 300.0108.120 014 UT

Phosphate, Ortho (as P) EPA 300.0108.120 015 UT

Cyanide, Total EPA 335.4108.183 001 UT

Ammonia (as N) EPA 350.1108.209 001 UT

Kjeldahl Nitrogen, Total (as N) EPA 351.2108.211 002 UT

Nitrate-Nitrite (as N) EPA 353.2108.232 003 UT

Phosphorus, Total EPA 365.4108.266 001 UT

Chemical Oxygen Demand EPA 410.4108.323 001 UT

Phenols, Total EPA 420.4108.362 001 UT

Oil and Grease EPA 1664A108.381 001 UT

Color SM2120B-2001108.385 001 UT

Turbidity SM2130B-2001108.390 001 UT

Acidity SM2310B-1997108.400 001 UT

Alkalinity SM2320B-1997108.410 001 UT

Hardness (calculation) SM2340B-1997108.420 001 UT

Hardness SM2340C-1997108.421 001 UT

Conductivity SM2510B-1997108.430 001 UT

Residue, Volatile SM2540E-1997108.439 001 UT

Residue, Total SM2540B-1997108.440 001 UT

Residue, Filterable TDS SM2540C-1997108.441 001 UT

Residue, Non-filterable TSS SM2540D-1997108.442 001 UT

Chlorine, Total Residual SM4500-Cl G-2000108.465 001 UT

Cyanide, Total SM4500-CN B or C-1999108.470 001 UT

Cyanide, Total SM4500-CN E-1999108.472 001 UT

Cyanide, amenable SM4500-CN G-1999108.473 001 UT

Hydrogen Ion (pH) SM4500-H+ B-2000108.490 001 UT

Kjeldahl Nitrogen, Total (as N) SM4500-Norg D-1997108.513 001 UT

Nitrite (as N) SM4500-NO3 F-2000108.529 002 UT

Oxygen, dissolved SM4500-O G-2001108.536 001 UT

Phosphorus, Total SM4500-P H-1999108.545 001 UT

Sulfite SM4500-SO3 B-2000108.560 001 UT

Sulfide (as S) SM4500-S D-2000108.584 001 UT

Biochemical Oxygen Demand SM5210B-2001108.592 001 UT

Carbonaceous BOD SM5210B-2001108.592 002 UT

As of 11/5/2018 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 2 of 6
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Chemical Oxygen Demand SM5220D-1997108.595 001 UT

Organic Carbon-Total (TOC) SM5310B-2000108.596 001 UT

Surfactants SM5540 C-2000108.605 001 UT

109 - Toxic Chemical Elements of WastewaterField of Testing:

Aluminum EPA 200.7109.010 001 UT

Antimony EPA 200.7109.010 002 UT

Arsenic EPA 200.7109.010 003 UT

Barium EPA 200.7109.010 004 UT

Beryllium EPA 200.7109.010 005 UT

Boron EPA 200.7109.010 006 UT

Cadmium EPA 200.7109.010 007 UT

Chromium EPA 200.7109.010 009 UT

Cobalt EPA 200.7109.010 010 UT

Copper EPA 200.7109.010 011 UT

Iron EPA 200.7109.010 012 UT

Lead EPA 200.7109.010 013 UT

Manganese EPA 200.7109.010 015 UT

Molybdenum EPA 200.7109.010 016 UT

Nickel EPA 200.7109.010 017 UT

Selenium EPA 200.7109.010 019 UT

Silver EPA 200.7109.010 021 UT

Thallium EPA 200.7109.010 023 UT

Tin EPA 200.7109.010 024 UT

Titanium EPA 200.7109.010 025 UT

Vanadium EPA 200.7109.010 026 UT

Zinc EPA 200.7109.010 027 UT

Aluminum EPA 200.8109.020 001 UT

Antimony EPA 200.8109.020 002 UT

Arsenic EPA 200.8109.020 003 UT

Barium EPA 200.8109.020 004 UT

Beryllium EPA 200.8109.020 005 UT

Cadmium EPA 200.8109.020 006 UT

Chromium EPA 200.8109.020 007 UT

Cobalt EPA 200.8109.020 008 UT

Copper EPA 200.8109.020 009 UT

Lead EPA 200.8109.020 010 UT

Manganese EPA 200.8109.020 011 UT

Molybdenum EPA 200.8109.020 012 UT

Nickel EPA 200.8109.020 013 UT

Selenium EPA 200.8109.020 014 UT

Silver EPA 200.8109.020 015 UT

Thallium EPA 200.8109.020 016 UT

As of 11/5/2018 , this list supersedes all previous lists for this certificate number. 
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Vanadium EPA 200.8109.020 017 UT

Zinc EPA 200.8109.020 018 UT

Iron EPA 200.8109.020 021 UT

Tin EPA 200.8109.020 022 UT

Titanium EPA 200.8109.020 023 UT

Mercury EPA 245.1109.190 001 UT

Mercury EPA 245.2109.191 001 UT

Mercury EPA 1631E109.361 001 UT

Chromium (VI) SM3500-Cr B-2009109.445 002 UT

110 - Volatile Organic Chemistry of WastewaterField of Testing:

Purgeable Organic Compounds EPA 624110.040 000 UT

111 - Semi-volatile Organic Chemistry of WastewaterField of Testing:

Base/Neutral & Acid Organics EPA 625111.100 000 UT

Organochlorine Pesticides and PCBs EPA 608111.170 000 UT

112 - Radiochemistry of WastewaterField of Testing:

Gross Alpha EPA 900.0112.010 001 UT

Gross Beta EPA 900.0112.010 002 UT

Total Alpha Radium EPA 903.0112.020 001 UT

Radium-226 EPA 903.1112.021 001 UT

Cesium EPA 901.1112.140 001 UT

Gamma EPA 901.1112.140 002 UT

Radium-228 EPA 904.0112.160 001 UT

Strontium EPA 905.0112.170 001 UT

Tritium EPA 906.0112.180 001 UT

Cesium DOE 4.5.2.3112.490 001 UT

Gamma Emitters DOE 4.5.2.3112.490 002 UT

Strontium DOE Sr-01112.500 001 FL

Strontium DOE Sr-02112.510 001 UT

Uranium DOE U-02112.520 001 UT

114 - Inorganic Chemistry of Hazardous WasteField of Testing:

Antimony EPA 6010B114.010 001 UT

Arsenic EPA 6010B114.010 002 UT

Barium EPA 6010B114.010 003 UT

Beryllium EPA 6010B114.010 004 UT

Cadmium EPA 6010B114.010 005 UT

Chromium EPA 6010B114.010 006 UT

Cobalt EPA 6010B114.010 007 UT

Copper EPA 6010B114.010 008 UT

Lead EPA 6010B114.010 009 UT

Molybdenum EPA 6010B114.010 010 UT

Nickel EPA 6010B114.010 011 UT

As of 11/5/2018 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 4 of 6
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Selenium EPA 6010B114.010 012 UT

Silver EPA 6010B114.010 013 UT

Thallium EPA 6010B114.010 014 UT

Vanadium EPA 6010B114.010 015 UT

Zinc EPA 6010B114.010 016 UT

Antimony EPA 6020114.020 001 UT

Arsenic EPA 6020114.020 002 UT

Barium EPA 6020114.020 003 UT

Beryllium EPA 6020114.020 004 UT

Cadmium EPA 6020114.020 005 UT

Chromium EPA 6020114.020 006 UT

Cobalt EPA 6020114.020 007 UT

Copper EPA 6020114.020 008 UT

Lead EPA 6020114.020 009 UT

Molybdenum EPA 6020114.020 010 UT

Nickel EPA 6020114.020 011 UT

Selenium EPA 6020114.020 012 UT

Silver EPA 6020114.020 Aqueous Only013 UT

Thallium EPA 6020114.020 014 UT

Vanadium EPA 6020114.020 015 UT

Zinc EPA 6020114.020 016 UT

Chromium (VI) EPA 7196A114.103 001 UT

Mercury EPA 7470A114.140 001 UT

Mercury EPA 7471A114.141 001

Cyanide, Total EPA 9012A114.221 001

Sulfides, Total EPA 9034114.230 001 UT

Corrosivity - pH Determination EPA 9045C114.241 001

Fluoride EPA 9056114.250 001 FL

115 - Extraction Test of Hazardous WasteField of Testing:

Toxicity Characteristic Leaching Procedure (TCLP) EPA 1311 (TCLP)115.020 001

TCLP Inorganics EPA 1311 (TCLP)115.021 001

TCLP Extractables EPA 1311 (TCLP)115.022 001

TCLP Volatiles EPA 1311 (TCLP)115.023 001

Waste Extraction Test (WET) CCR Chapter11, Article 5, Appendix II115.030 001

Synthetic Precipitation Leaching Procedure (SPLP)EPA 1312 (SPLP)115.040 001

116 - Volatile Organic Chemistry of Hazardous WasteField of Testing:

EDB and DBCP EPA 8011116.010 Aqueous Only000

Volatile Organic Compounds EPA 8260B116.080 000

Oxygenates EPA 8260B116.080 120

117 - Semi-volatile Organic Chemistry of Hazardous WasteField of Testing:

Extractable Organics EPA 8270C117.110 000

Polynuclear Aromatic Hydrocarbons EPA 8310117.140 000

As of 11/5/2018 , this list supersedes all previous lists for this certificate number. 
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Nitroaromatics and Nitramines EPA 8330117.170 000 FL

Nitroaromatics and Nitramines EPA 8330A117.171 000

Organochlorine Pesticides EPA 8081A117.210 000

PCBs EPA 8082117.220 000

Chlorinated Herbicides EPA 8151A117.250 000

118 - Radiochemistry of Hazardous WasteField of Testing:

Gross Alpha EPA 9310118.010 001

Gross Beta EPA 9310118.010 002

Radium, Total EPA 9315118.020 001

Radium-228 EPA 9320118.030 001

Thorium EPA (March, 1979), p33118.070 001

Radium-226 EPA Ra-04118.140 001

Gamma Emitters DOE 4.5.2.3118.200 001 UT

Strontium DOE Sr-02118.271 001 UT

Uranium DOE U-02118.290 001 UT

120 - Physical Properties of Hazardous WasteField of Testing:

Ignitability EPA 1020A120.020 001

Corrosivity EPA 1110120.030 001 FL

Reactive Cyanide Section 7.3 SW-846120.040 001 FL

Reactive Sulfide Section 7.3 SW-846120.050 001 FL

Corrosivity - pH Determination EPA 9040B120.070 Aqueous Only001

Corrosivity - pH Determination EPA 9045C120.080 001

As of 11/5/2018 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 6 of 6
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Technical Systems Audit Checklist 

Project No. Date of Audit 

Project Manager  Auditor

Facility Name 

Location

Weather

Field Personnel FTL:            SSHO:

Chemist:

Description of Field Activities 

Summary and Recommendations 



QUALITY CONTROL FIELD AUDIT CHECKLIST 

FORM REVISED JUNE 1, 2017 
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Planning and Preparation 

Yes or No 

1. Was the field audit announced or unannounced?
Comments:

2. Was a QA Project Plan prepared for this activity?
Comments:

3. Was a site Health and Safety Plan prepared for this activity?
Comments:

4. Were project instructions, work plan, and contractor SOWs
distributed to the team?
Comments:

5. Were additional instructions given to project field participants (i.e.,
changes in project plan)?
Comments:

6. Was there a written list of sampling locations and descriptions?
Comments:

7. Was there a map of sampling locations available to field
personnel?
Comments:



QUALITY CONTROL FIELD AUDIT CHECKLIST 

FORM REVISED JUNE 1, 2017 
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Planning and Preparation (continued) Yes or No 

8. Was equipment list given to equipment coordinator with adequate
lead time?
Comments:

9. Was laboratory given a list of sample containers with adequate
lead time?
Comments:

10. Were analyses scheduled with the laboratory in advance?
Comments:

11. Was the project team provided with a contact list (names & phone
#s)?

 Comments:____________________________________________ 

12. Are inexperienced or poorly trained staff receiving adequate
training and supervision?
Comments:

13 Was State “One Call” agency contacted prior to drilling, trenching, 
or excavation to identify buried utilities? 
If yes, record Ticket No. ____________, date of request _______,
and renewal date ________ 

 Comments: 

14 Was an underground utility location contractor retained to identify 
buried utilities? 
Describe means used to track and verify completion of location 
activities at each sampling station:__________________________ 
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Planning and Preparation (continued) 
Yes or No 

15 Are dig permits required? 
If yes, record permit number:____________ date of issue _______, 
and renewal date _________ 

16 Are hot work permits required? 
If yes, record permit number ____________, date and time of issue 
___________, and expiration date and time ____________ 

Monitoring Well Installation 

Yes or No 

1 Was a daily tail gate safety briefing conducted?
If yes, list the items discussed:_____________________________ 

2 Were the wells located properly with respect to potential 
contaminant plumes? 

 Comments: 

3 If field conditions mandated selection of a new location, was the 
new location properly selected? 
If yes, were the reasons for the relocation properly documented? 

4 Were the well locations surveyed? 
Were the exact elevations determined as part of the survey?
Were elevations referenced to a bench mark? 
Were horizontal coordinates established? 

5 Describe the drilling techniques used.

6 Was all in-ground drilling equipment properly decontaminated 
before initial use and between drilling locations? 



QUALITY CONTROL FIELD AUDIT CHECKLIST 
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Monitoring Well Installation (continued) Yes or No 
  

7 Describe decontamination procedures (steam cleaner, pressure 
washer, type of soap used if any, solvent, etc.) 

  

8 How was this equipment stored or otherwise protected after 
decontamination to prevent recontamination prior to use? 

  

  
9 What types of casing/screen material were used (black iron, 

stainless steel, PVC, etc.)? 
  

10 Were well casings/screens properly decontaminated before use? 
 Describe decontamination procedure.   
    

11 How was this equipment stored or otherwise protected after 
decontamination to prevent recontamination prior to use? 

  

12 Were the wells completed to the proper depth? 
 Were the wells screened at the proper interval? 
 Comments:    
    

13 Were the newly installed wells properly secured (sealed) during the 
overnight grout curing required before installation of protective 
outer casing? 
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Monitoring Well Installation (continued) Yes or No 

14 Was a locking cap or some other locking mechanism included as 
part of the protective outer casing? 

15 Describe disposal/storage method used for drilling mud and 
cuttings.

16 Were samples of drilling mud, sand pack, gravel, grout, etc., 
collected for analysis? 

 Comments: 

17 Were the wells developed? 
If yes, describe method used 

18 Did the drilling personnel follow required safety protocols? 
 Comments: 

Sampling

General Procedures Yes or No 

1. Were sampling locations properly selected?
Comments:



QUALITY CONTROL FIELD AUDIT CHECKLIST 
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General Procedures (continued) Yes or No 

2. Were samples collected starting with the least likely contaminated
and proceeding to the most likely contaminated?
Comments:

3. Were new disposable gloves worn during sample collection?
Comments:

4. Was sampling equipment wrapped in aluminum foil or otherwise
protected from possible contamination prior to sample collection?
Comments:

5. If equipment was cleaned in the field, were proper procedures
used? (This includes storage method for rinse water and solvents.)
Comments:

6. What field instruments were used during this investigation?

7. Were field instruments properly calibrated?
Comments:

8. Were calibration procedures documented in the field notes?
Comments:
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General Procedures (continued) Yes or No 

9. Were samples chemically field preserved?
Comments:

10. Were samples iced?
Comments:

11. Were samples of drilling mud, sand pack, gravel, grout, etc.,
collected for analysis?
If yes, please list parameters and procedures.

Groundwater Sampling Yes or No 

1. Was depth of well determined?
Comments:

2. Was depth to water determined?
Comments:___________________________________________

3. Was measuring tape properly decontaminated between wells?
Comments:

4. Were the above depths to water converted to water level elevations
common to all wells? Describe how the depths were determined.
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Groundwater Sampling (continued) Yes or No 

5. How was the volume of water originally present in each well
determined?
Comments:

6. Was the volume determined correctly?

7. How was completeness of purging determined?
Volume
  Measure 
 Time/Flow Rate 

  Cond./pH/T 

8. Was a sufficient volume purged?

9. Describe the disposal of purge water.

10. Was a dedicated (in-place) pump utilized?
If no, describe the method of purging (bailer - include type and
construction material, pump - include type).

11. How were the samples collected?
  Bailer Passive diffusion bag 
  Pump Peristaltic/Bladder/Centrifugal/Other  (check one) 
  Other 
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Groundwater Sampling (continued) Yes or No 

12 Construction material of bailer or tubing: Design of bailer: 
   S.S. 
  Teflon  Open top 
  PVC  Closed top 
 Other 

 Comments: 

13 If a pump was used, describe how it was cleaned before and/or 
between wells? 

14 Were the samples properly transferred from bailer to sample 
bottles (i.e., was the purgeable sample agitated, etc.)? 

 Comments: 

15 Was the rope or line allowed to touch the ground? 

16 Was the wetted rope or line discarded after use at each well?

Surface Water Sampling 

Yes or No 

1. What procedures were used to collect surface water?

2. Did the samplers wade in the stream during sample collection?
If yes, did sampler face upstream while collecting sample?
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Surface Water Sampling (continued) Yes or No 

3 Did the sampler insure that disturbed sediments were not collected 
along with water sample? 

4 Note any deficiencies observed during the collection of the surface 
water samples. 

Soil/Sediment Sampling 
1. What procedures (including equipment) were used to collect the

samples?

2. Were the samples well mixed prior to placing the sample in the
sample container?

3. Were samples for purgeable organics analysis collected prior to
mixing?

4. Were samples composited?
If so, how were composites collected and mixed?

5. Note any deficiencies observed during the collection of the
samples.
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Other Sampling 

Yes or No 

1. What other types of samples were collected during this
investigation?

2. What procedures were used for the collection of these samples?

3. Note any deficiencies observed during the collection of these
samples.
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Quality Assurance/Quality Control 

Yes or No 
(While not all of these QA/QC procedures will be necessary during 
each sampling activity, the following techniques may be employed. 
If so, please note.)

1. Did sampling personnel utilize trip blanks?

2. Did sampling personnel utilize preservative blanks?
If yes, to either of the above questions, list the types and handling
of the blanks.

3. Were any equipment blanks collected?
If yes, list.

4. Was the water for field blank preparation appropriate for the
parameter coverage?
Comments:

5. Were any duplicate samples collected?
If yes, list the types (parameter coverage, etc.) and describe their
handling.

6. Were any spiked samples collected?
If yes, list the types (parameter coverage, etc.) and describe their
handling.

7. Were the QA/QC samples collected in accordance with the QA
Project Plan?

8. Were staff aware of sample holding times?



QUALITY CONTROL FIELD AUDIT CHECKLIST 
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Field Documentation and Chain-of-Custody 

Yes or No
  

1. Were Sample I.D. Tags filled out completely (i.e., station no., 
location, date, time, analyses, signatures of samplers, type of 
preservative)? 

 Comments:    

2. Were Chain-of-Custody Records completed for all samples? 
 Comments:    

3. Did information on Sample I.D. Tags and Chain-of-Custody 
Records match? 

 Comments:    

4. Were samples shipped to the laboratory? 
 If yes, did the Chain-of-Custody Record indicate the method of 

sample shipment? 

5 Was a Chain-of-Custody Record included with the samples in the 
shipping container? 

6 Were samples properly secured to maintain custody after 
collection? 

 Comments:    
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Field Documentation and Chain-of-Custody 
(continued) Yes or No 

  
7 Were sample tags, Chain-of-Custody forms, and field notebook 

signed by sampling personnel? 
 Comments:    

  
8 Does the field notebook contain adequate information about each 

sample including the sample I.D. number, date, location, and 
information necessary to reconstruct the sample? 

 Comments:    

9 Were entries to the field notebook made in ink? 
 Comments:    

10 Were corrections properly executed with one line through the error 
in the field notebook? 

 Comments:    

11 Was sampling documented with photographs? 
 If yes, was a photolog maintained?   
    
12 Were amendments to the project plan documented (on the project 

plan itself, in a project logbook, elsewhere)? 
 Comments:    
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Debriefing Following Field Audit 

Yes or No 
  

1. Was a debriefing held with project participants after the audit was 
completed?

 Comments:    

2. Were any recommendations made to project participants during the 
debriefing? 

 If yes, briefly describe recommendations made.   



Appendix C 
Soil Reference Background Area 

Work Plan 



  

 

Naval Facilities Engineering Command Southwest 
BRAC PMO West 
San Diego, CA 

FINAL 
SOIL REFERENCE BACKGROUND AREA  
WORK PLAN 
FORMER HUNTERS POINT NAVAL SHIPYARD 
SAN FRANCISCO, CA 

June 2019 
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Acronyms and Abbreviations 
40K   potassium-40 
90Sr  strontium-90 
137Cs  cesium-137 
214Pb  lead-214 
226Ra  radium-226 
230Th  thorium-230 
232Th   thorium-232 
234U  uranium-234 
235U  uranium-235 
238U  uranium-238 
239Pu  plutonium-239 

μR/hr   microroentgen(s) per hour 

APP  accident prevention plan 

ASTM  ASTM International (formerly American Society for Testing and Materials) 

bgs  below ground surface 

CDPH  California Department of Public Health 

CH2M   HILL, Inc. 

cpm  counts per minute 

cpm/μR/hr counts per minute per microroentgen per hour 

DQO  data quality objective 

DTSC  Department of Toxic Substances Control 

ft2  square feet 

GIS  geographic information system 

GPS  global positioning system 

HPNS  Hunters Point Naval Shipyard 

IDW  investigation-derived waste 

KW  Kruskal-Wallis 

m/s  meter(s) per second 

MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual 

MCA  multi-channel analyzer 

MDCR  minimum detectable count rate 

NaI  sodium iodide 

NaI(Tl)  thallium-doped sodium iodide 
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Navy  Department of the Navy 

NORM  naturally occurring radioactive material 

NRC  Nuclear Regulatory Commission 

NUREG  Nuclear Regulatory Commission Regulation 

pCi/g  picocurie per gram 

PPE  personal protective equipment 

PRSO  Project Radiation Safety Officer 

Q-Q  quantile-quantile 

RASO  Radiological Affairs Support Office 

RBA  reference background area 

RG  remediation goal 

ROC  radionuclide of concern 

ROICC  Resident Officer in Charge of Construction 

RPM  Remedial Project Manager  

SAP  sampling and analysis plan 

SOP  standard operating procedure 

SSHP  site safety and health plan 

TCRA  Time-critical Removal Action 

UCL  upper confidence limit 

USEPA   United States Environmental Protection Agency  

USGS  U.S. Geological Survey 
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Introduction 
This work plan provides the details for the radiological characterization of soil reference background 
areas (RBAs) at the former Hunters Point Naval Shipyard (HPNS) in San Francisco, California. Four onsite 
RBAs and one offsite RBA, located at the City of San Francisco’s John McLaren (McLaren) Park, have 
been identified for radiological characterization. The radiological characterization will be conducted in 
accordance with the general approach and methodologies that are provided in the Parcel G Removal 
Site Evaluation Work Plan (Parcel G Work Plan) (Navy, 2018), Sampling and Analysis Plan (SAP) (included 
in the Parcel G Work Plan), and a separate Accident Prevention Plan/Site Safety and Health Plan 
(APP/SSHP). Specific procedures to ensure data quality and worker safety will be described in the SAP 
and APP/SSHP.  

Radiological surveys and remediation have been conducted at HPNS as part of a basewide Time-critical 
Removal Action (TCRA). Additional efforts to investigate and, if necessary, remediate radiologically 
impacted sites in Parcels B, C, D-2, E, G, UC-1, UC-2, and UC-3 are planned. The RBA data will be used to 
evaluate site investigation data to support a final decision on whether residual radioactivity is found to 
exceed the remediation goals (RGs). The RBA data will also be compared to site investigation data to 
determine whether further remediation is necessary. 
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Purpose and Data Quality Objectives 
The reference background area data will be collected during the implementation of this work plan to 
support a final decision on whether residual radioactivity is found to exceed the RGs at HPNS. The RGs 
presented in Section 3 specify that the radium-226 (226Ra) RG be set at 1 picocurie per gram (pCi/g) 
above the background concentration. Previous site radiological surveys and remediation activities did 
not estimate a reference background concentration for other radionuclides, such as cesium-137 (137Cs) 
and strontium-90 (90Sr). Both 137Cs and 90Sr are common nuclear fission products that are present 
worldwide because of radioactive fallout from weapons testing. This work plan describes methods for 
obtaining RBA data sets for the radionuclides of concern (ROCs) by establishing the following: 

 Descriptive statistics and distributions of background concentrations, in pCi/g, for the ROCs, 
including 137Cs, 226Ra, and 90Sr  

 Descriptive statistics and distributions of background concentrations for the naturally occurring 
radioactive material (NORM) radionuclides, including those associated with the uranium decay 
series, thorium decay series, and potassium-40 (40K) 

Additionally, the data collection protocols and RBA data sets may be used for site evaluation scenarios 
listed in the Parcel G Work Plan and other work plans (e.g., NORM evaluations, comparison to 
background, alternative statistical evaluations, and dose and risk analyses). 

The data quality objectives for the RBA investigation are as follows: 

 Step 1-State the Problem: HPNS was expanded over time using fill materials with a range of 
concentrations of NORM. Construction and remediation projects over the past 60 years have 
disturbed the surface soil, making a determination of background concentrations for anthropogenic 
radionuclides from fallout difficult. Previous HPNS soil background values did not provide 226Ra 
concentrations representative of all fill materials found at HPNS and did not include other NORM or 
fallout radionuclides. 

 Step 2-Identify the Objective: Establish representative background soil data sets for comparison and 
evaluation of soil data collected from HPNS. 

 Step 3-Identify Inputs to the Objective: Soil analytical data for ROCs using analytical methods are 
summarized in Section 3 and detailed in the SAP, included in the Parcel G Work Plan. Gamma 
scanning measurements will be performed within the RBAs to confirm the areas are free of elevated 
gamma levels and are suitable for sampling1 (see Section 4.1). 

 Step 4-Define the Study Boundaries: RBAs at HPNS in Parcels B, C, D-1, and D-2 (Figure 3-1), and in 
an undisturbed off-base location (Figure 3-2) will provide a range of background estimates. In 
Parcels B, C, D-1, and D-2, surface soil samples will be collected from 0 to 6 inches below ground 
surface (bgs), and subsurface soil samples will be collected from 1- to 2-foot bgs intervals to a depth 
of up to 10 feet bgs. At the off-base location, surface soil samples will be collected from 0 to 6 
inches bgs, and subsurface soil samples will be collected from the 1- to 2-foot bgs interval. 

 Step 5-Develop Decision Rules: RBA data sets will be compared and evaluated to provide 
representative RBA data sets with a description to assist in determining applicability for specific 
projects at HPNS. The data evaluation process is summarized in the following list and detailed in 
Section 4:  

                                                           
1 If any RBA is found to have signs of contamination, then an alternate RBA will be proposed to regulatory agencies as a replacement. 
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 Identify outliers graphically or statistically using Dixon and Rosner’s tests for outliers by 
comparing the calculated Q values or R values to the critical value, corresponding to a 
confidence level of 95 percent. 

 If outliers are identified graphically or statistically (Q value or R value is greater than critical 
value), the outlier will be investigated to attempt to determine whether the outlier is the 
result of contamination, data quality issues, an environmental issue (e.g., different soil 
type), or an unidentified issue. 

 If no outliers are identified, the entire data set will be used in its entirety. 

 Determine statistical difference between data sets using the non-parametric Kruskal-Wallis (KW) 
test by comparing the calculated p-value against 0.05 significance level. 

 If the results of the KW test indicate that two or more data sets are statistically similar 
(p-value is greater than significance level), those data sets may be combined to form a larger 
data set representing more of HPNS, such as a larger area, multiple soil depths, or additional 
soil types. 

 If the results of the KW test indicate that a data set is statistically different from other data 
sets (p-value is less than significance level), that data set will not be combined with other 
data sets and will be representative of a specific area, soil depth, or soil type. 

 Evaluate secular equilibrium conditions. 

 Step 6-Specify the Performance Criteria: A statistical data evaluation will be conducted to identify 
appropriate soil background data sets and calculate descriptive statistics to facilitate future 
comparisons with site-specific data. The purposes of the data evaluation are as follows: 

 Identify outliers using Dixon’s and Rosner’s tests for outliers. 

 Determine statistical differences between soil types using the KW test. 

 Compare soil data sets from surface gamma scan surveys, and surface and subsurface analytical 
concentrations against different identified soil types and against each RBA per sample depth. 

 Establish one or more representative RBA data sets. 

 Step 7-Develop the Plan for Obtaining Data: RBAs will be characterized by conducting gamma scan 
surveys of the accessible surface areas and collecting systematic surface and subsurface soil 
samples, as follows: 

 In Parcels B, C, D-1, and D-2, surface soil samples will be collected from 0 to 6 inches bgs, and 
subsurface soil samples will be collected from 1- to 2-foot bgs intervals to a depth of up to 
10 feet bgs. 

 At McLaren Park, an offsite location with undisturbed surface soil, surface soil samples will be 
collected from 0 to 6 inches bgs and subsurface soil samples will be collected from the 1- to 2-
foot bgs interval. 

 During soil sampling activities, a professional geologist registered in California will annotate the 
lithologic characteristics and provide accurate and consistent descriptions of soil characteristics. 

 Soil samples will be analyzed for the applicable ROCs along with NORM radionuclides and fallout 
radionuclides by accredited offsite laboratories, and the results will be evaluated as described in 
Steps 5 and 6.  
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Survey Design and Implementation 
3.1 Survey Design 
The concentrations of NORM radionuclides and fallout radionuclides in soil at HPNS are variable because 
of the natural variability of native soil and the variability in erosion and deposition of surface soil and 
fallout radionuclides. In addition, portions of the site were created with fill materials originating from 
multiple offsite sources. Much of the fill was obtained by grading the hilltop immediately north of HPNS. 
The source of fill derived from the hilltop is the Hunters Point Shear Zone, a complex structural mixture 
of serpentinite, shale, sandstone, chert, and gabbro. Fill soil was also obtained from sediment dredged 
from San Francisco Bay and imported from local quarries and construction sites. Fill soil was generally 
placed in layers; however, the layering is not contiguous across the shipyard. Soil lithology in filled areas 
is not readily known at any given location. 

Concentrations of fallout radionuclides are variable in soil at HPNS because of deposition, erosion, and 
mixing during placement of fill soil. Thus, the concentrations of naturally occurring and fallout 
radionuclides in soil vary by location and depth. The RBA is designed to capture data that are 
comparable to survey data collected during site investigations at HPNS and representative of the wide 
range of background concentrations present at HPNS. 

Because of potential spatial variability across HPNS, four distinct onsite RBAs have been identified for 
characterization. In addition, one undisturbed offsite location was selected for characterization of fallout 
radionuclides. RBAs are geographical areas from which representative radioactivity measurements are 
collected for comparison with measurements collected in an impacted area (i.e., a survey unit). RBAs are 
areas that have been identified as non-impacted and should have physical, geological, chemical, 
radiological, and biological characteristics similar to those of the impacted area being investigated. The 
RBA characterization methodology will consist of a combination of radiological gamma surveys and soil 
sampling to establish the HPNS background conditions. Samples will be collected from independent 
surface and subsurface soil depth intervals. The analytical soil data from the RBAs will be used to 
generate background population statistics and establish parameters (e.g., mean, median, standard 
deviation, range). 

3.1.1 Radionuclides of Concern 
The ROCs vary across media and parcels at HPNS. Because the intent of this RBA characterization is to 
address all soil ROCs at HPNS, the various soil ROCs and their respective RGs in Parcels B, C, D-2, E, G, 
UC-1, UC 2, and UC-3 are presented in Table 3-1. RBA samples and measurements will be collected and 
evaluated to establish representative data sets defining natural background and fallout levels of 
anthropogenic radionuclides. The analytical methods and the radionuclides being analyzed for will be 
presented in the SAP and are summarized in Section 3.1.7. 
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TTable 33--11.. RRadionuclides and RRemediation Goals  ffor Various Soil Areas at HPNS  

Radionuclide Residential Soil Remediation Goala 
(pCi/g) 

137Cs 0.113 

239Pu 2.59 

226Ra 1.0 

90Sr 0.331 

232Th 1.69 

235+DU 0.195 

aAll RGs will be applied as concentrations above background. 
232Th = thorium-232 
235+DU = uranium-235+D 
239Pu = plutonium-239 

3.1.2 Survey Methodology Summary 
The RBA characterization will incorporate three survey techniques: gamma spectroscopy scans, surface 
soil sampling, and subsurface soil sampling. The gamma spectroscopy scan will be performed by 
surveying the accessible surface areas, following removal of any durable cover (if applicable). Soil 
sampling will occur at various depths from 0 to 10 feet bgs. The sampling design is representative of the 
survey unit sampling designs in terms of sample depths, spatial distribution, and number of samples to 
be collected.  

3.1.3 Reference Background Area Locations 
As part of the previous HPNS TCRA activities, five areas were used as RBAs for soil and were 
characterized at different times beginning in 2006. Because of access restrictions, this work plan has 
been designed to use four of the previously established RBA soil areas with adjustments to the shape 
and size of the areas. In this work plan, the four historically non-impacted RBAs are identified as the 
following (shown on Figure 3-1): 

 RBA-1, located on Parcel B 
 RBA-2, located on Parcel C 
 RBA-3, located on Parcel D-1 
 RBA-4, located on Parcel D-2 

These four historical RBAs are still considered non-impacted, representative of much of the soil at HPNS, 
and suitable for use as RBAs. Justification for selecting the non-impacted RBAs is as follows: 

 RBA-1, located in the area behind Building 116 on Parcel B, is considered to contain material like 
that encountered in nearby soils and has been covered with asphalt since the early 2000s. 

 RBA-2, southeast of Lockwood Avenue adjacent to Parcel C, is believed to be unimpacted, has no 
history of radiological use, and has been covered with asphalt since approximately 2015. 

 RBA-3, the area between Building 526 and Berth 29 in Parcel D-1, is considered to contain material 
like that encountered in nearby soils in the Parcel E survey units and has no history of radiological 
use. The area has been paved with asphalt since the previous RBA characterization. 
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 RBA-4, located in the Building 813 parking lot in Parcel D-2, has no history of radiological use, is 
considered to contain material like that encountered in the Parcel G survey units, and has been 
paved with asphalt since the previous RBA characterization. The land area in Parcel G was originally 
part of Parcel D and is adjacent to RBA-4; therefore, RBA-4 is considered representative of Parcel G 
site conditions. 

Following characterization of each RBA, a detailed data evaluation will be performed to confirm its 
suitability as an appropriate RBA. In addition to the four onsite RBAs, an offsite RBA has been identified 
for surface soil characterization. The City of San Francisco’s McLaren Park is located roughly 2.5 miles 
west of HPNS. McLaren Park is non-impacted by the Department of the Navy (Navy) radiological 
activities and contains areas where surface soil has been undisturbed by construction activities since 
prior to atmospheric nuclear weapons testing. McLaren Park occupies 312 acres and includes a nine-
hole golf course, playgrounds, amphitheater, and 350,000-gallon water tank. The land area between 
John F Shelley Drive and Mansell Street contains undisturbed terrain and has been selected as a 
potential location for the offsite RBA (RBA-McLaren). The RBA-McLaren is shown on Figure 3-2. The 
exact sample locations within McLaren Park may be adjusted based on consultation with the City of San 
Francisco. Other locations in the San Francisco Bay Area that have been similarly undisturbed may also 
be used as potential offsite RBA locations. 

Both surface gamma scan surveys and surface soil samples will be collected from RBA-McLaren to 
provide a surface soil data set representative of undisturbed surface soil areas. Additional sample 
locations at McLaren Park or additional RBA locations may be added as necessary to characterize 
different soil types and depositional areas. 

3.1.4 Number of Samples 
The minimum number of samples to be collected was determined using the Parcel G Work Plan and 
Nuclear Regulatory Commission (NRC) criteria. The NRC criteria for providing characterization of a 
complex site, found in United States Nuclear Regulatory Commission Regulation (NUREG)-1505 
(Section 13.5, page 13-11, last paragraph, second sentence), states that “four reference areas each with 
between 10 and 20 samples in each should generally be adequate” (NRC, 1998a). Table 13.5, Power of 
the F- 2 2, in NUREG-1505, shows that 20 samples collected from each of 6 reference area 
data sets will provide 95 percent confidence that the reference area data sets can be combined if they 
are similar. In this example, the power of this test is 99 percent, meaning there is a 1 percent probability 
that the data sets will be incorrectly combined when they are not similar. The proposed RBA survey 
design includes collecting 25 samples from each of up to 10 reference area data sets, providing a power 
greater than 99 percent while maintaining 95 percent confidence that the data sets can be combined if 
they are similar. 

The null hypothesis (Ho) is that the mean concentrations for each RBA data set are similar and can be 
combined. The alternative hypothesis is that the mean concentrations for at least one of the RBA data 
sets are not similar.  

Type I decision error would occur when the data sets are not combined when the means are actually 
equal. The consequence of a Type I error includes having a smaller number of samples in the RBA data 
set, resulting in less statistical power for evaluating survey unit data sets, potentially resulting in 
removing soil that has ROC concentrations below the RGs.  

Type II decision error would occur when the data sets are combined when the means are actually 
different. The consequence of a Type II error would include artificially increasing the variability in the 
combined RBA data set, thereby decreasing the required number of samples in each survey unit. 

The Parcel G Work Plan provides a number for samples calculation and determines that a minimum of 
18 samples will be collected in each survey unit and each RBA data set; however, that number will be 
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recalculated following the RBA characterization described in the work plan. In order to satisfy both the 
NRC criteria and the Parcel G Work Plan, the number of samples in each data set was increased to 25 to 
ensure that sufficient analytical data will be available. Therefore, 25 surface soil samples and 25 
subsurface soil samples will be collected from RBAs 1 through 4 for a total of 100 onsite surface soil 
samples and 100 onsite subsurface soil samples. Additionally, 25 surface soil samples and 25 subsurface 
soil samples will be collected from RBA-McLaren. Overall, a minimum of 250 soil samples will be 
collected, as follows: 

 25 surface and 25 subsurface soil samples from RBA-1, located on Parcel B 
 25 surface and 25 subsurface soil samples from RBA-2, located on Parcel C 
 25 surface and 25 subsurface soil samples from RBA-3, located on Parcel D-1 
 25 surface and 25 subsurface soil samples from RBA-4, located on Parcel D-2 
 25 surface and 25 subsurface soil samples from RBA-McLaren, located offsite 

This sampling effort will result in up to 10 RBA data sets of 25 samples each from 5 different RBA 
locations. Additional data sets may be defined based on soil type or other visual observations of the soil 
samples. 

3.1.5 Sample Locations 
To simplify the sampling design, the area of each onsite RBA was modified to establish approximately 
2,500-square-foot (ft2) areas within each of the four historical RBA footprints. 

33.1.5.1 RBA-1 through RBA-4 
For the surface soil sample locations within RBA-1 through RBA-4, a triangular grid will be used to place 
25 systematic sample locations. As illustrated on Figure 3-3, surface soil samples will be collected from 
the top 6 inches of soil material at each location for the surface soil data set. For the purposes of this 
investigation, onsite surface soil is defined as the uppermost 6-inch interval of soil beneath the asphalt 
and road base materials installed as part of the durable cover. 

Within each 2,500-ft2 surface area, 5 subsurface sampling locations have been established using 5 of the 
25 systematic surface sample locations: 1 at the approximate center of each area, and the other 4 
located near each of the 4 corners of the area. Subsurface soil samples will be collected from the five 
sampling locations. As illustrated on Figure 3-3, subsurface soil samples will be collected by drilling to a 
depth of approximately 10 feet bgs from which five subsurface soil samples will be extracted. The 
proposed subsurface sample depth intervals are the 1- to 2-foot bgs interval, the 3- to 4-foot bgs 
interval, the 5- to 6-foot bgs interval, the 7- to 8-foot bgs interval, and the 9- to 10-foot bgs interval. If 
the geologist determines that lithologic characteristics support modification of the proposed depth 
increments, additional samples may be collected, or the proposed sample depth may be adjusted to 
match the lithologic characteristics of the soil column. This is further described in Section 3.2.5. 

Figures 3-4 through 3-7 show the planned surface and subsurface sample locations from RBAs 1  
through 4. 

3.1.5.2 RBA-McLaren 
The planned area for RBA-McLaren, located offsite and within McLaren Park, is a square area measuring 
approximately 75 feet by 75 feet. Within the estimated 5,600-ft2 (520-square-meter) surface area, 25 
surface sampling locations have been established using a random start systematic triangular grid 
pattern. Surface soil samples will be collected as described in Section 3.2 from the top 6 inches of soil at 
each location for the surface soil data set. Subsurface soil samples will be collected as described in 
Section 3.2, from the approximately 1- to 2-foot bgs interval at each location for the subsurface soil data 
set. Figure 3-8 shows the planned sample locations for RBA-McLaren. Additional samples may be 
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collected from other locations if areas of relatively undisturbed surface soil with varying geological 
properties are identified during field sampling activities. 

3.1.6 Field Instrumentation, Gamma Detectors 
Gamma scanning instruments have been selected to provide a high degree of defensibility, based on 
their capability to measure and quantify gamma radiation and position. Because there are several 
specific gamma detection platforms that may be used during upcoming work at HPNS, the minimum 
requirements for a suitable gamma scan survey system are as follows: 

 Thallium-doped sodium iodide (NaI[Tl]) or plastic gamma scintillator 
 Equipped with spectroscopy 
 Automatic data logging 
 Real-time positioning (global positioning system [GPS] or equivalent) 

During this initial RBA characterization, gamma scan surveys will be performed using one or more of the 
instruments shown in Table 3-2 (or other instruments with equivalent detection sensitivity and meeting 
the minimum requirements listed above). 

TTable 33--22.. GGamma Survey Instruments  

Meter Manufacturer and 
Model 

Detector Manufacturer 
and Model Detector Type Use 

Ludlum 2221, Osprey 
MCA 

Bicron 3x5x16 / 3SSL-X 3-inch x 5-inch x 16-inch 
NaI(Tl) detector 

Soil gamma scan surveys 

Ludlum 2221, MCA Ludlum Model 44-20 3-inch x 3-inch NaI(Tl) 
detector 

Soil gamma scan surveys, 
sample screening, soil 
core surveys 

Note: Equivalent alternative instrumentation may be used following approval by the Project Radiation Safety 
Officer (PRSO) and Field Team Lead. 
MCA = multi-channel analyzer 

The field survey instrumentation will be calibrated, used, and maintained in accordance with the 
requirements and standard operating procedures (SOPs) provided in the Parcel G Work Plan and 
according to the SAP. 

33.1.6.1 Instrument Detection Calculations 
The equations to calculate efficiencies, minimum detectable concentrations (MDCs), and minimum 
detectable count rates (MDCRs) at HPNS are based on the methodology and approach used in 
Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) Chapter 6 (USEPA et al., 2000) 
and NUREG-1507 Chapter 6 (NRC, 1998b). 

3.1.6.2 Gamma Surface Activity 
Estimating the amount of radioactivity that can be confidently detected using field instruments is 
performed by adapting the methodology and approach used in MARSSIM Section 6.7.2.1 (USEPA et al., 
2000) and NUREG-1507 Section 6.8.2 (NRC, 1998b) for determining the gamma scan MDC for 
photon-emitting radionuclides. 

The scan MDC (in pCi/g) for areas is based on the area of elevated activity, depth of contamination, and 
the radionuclide (energy and yield of gamma emissions). The computer code Microshield can be used to 
model expected exposure rates from the radioactive source at the detector probe sodium iodide (NaI) 
crystal and includes source-to-detector geometry. The geometry is used to calculate the total flow of 
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photons incident upon the detector crystal, called the gamma fluence rate, ultimately corresponding to 
an exposure rate that is associated with a count rate in the instrument.  

The amount of radiation the detector crystal is exposed to from the modeled source is used to 
determine the relationship between the detector’s net count rate and the net exposure rate (counts per 
minute per microroentgen per hour [cpm/μR/hr]).  

33.1.6.3 Gamma Scan Minimum Detectable Concentration 
The minimum detectable number of net source counts in the scan interval is given by si, which can be 
arrived at by multiplying the square root of the number of background counts (in the scan interval) by 
the detectability value associated with the desired performance (as reflected in ), as shown in 
Equation 3-1 (Equation 6-8 of MARSSIM): 

Equation 3-1 =  
Where: 

  
bi = number of background counts in scan time interval (count) 
i = scan or observation interval (seconds) 

For scanning at HPNS, the required rate of true positives will be 95 percent, and the false positives will 
be 5 percent. From Table 6.5 of MARSSIM, the value of d', representing this performance goal, is 3.28. 
The MDCR, in counts per minute (cpm), is calculated by Equation 3-2 (Equation 6-9 of MARSSIM): 

Equation 3-2 = × (60/ ) 
Where: 

si = minimum detectable number of net source counts in the scan interval 
i = scan or observation interval (seconds) 

Next, the MDCR is used to calculate the Surveyor MDCR by applying a surveyor efficiency factor as 
follows in Equation 3-3 (Page 6-45 of MARSSIM): 

Equation 3-3 =  

Where: 

MDCR = minimum detectable count rate 
p = surveyor efficiency 

After a surveyor efficiency is selected, the relationship between the MDCRsurveyor and the radionuclide 
concentration in soil (pCi/g) is determined. This correlation requires two steps: 1) establish the 
relationship between the detector’s net count rate and net exposure rate (cpm/μR/hr), and 2) 
determine the relationship between the radionuclide contamination and exposure rate. The relationship 
between the detector’s net count rate and net exposure rate may be determined analytically using 
reference guidance documents, or obtained from the detector manufacturer. Modeling (using 
Microshield) of the source area is used to determine the net exposure rate produced by a given 
concentration of a radionuclide at a specific distance above the source. The scan MDC is calculated by 
Equation 3-5 (Page 6-45 of MARSSIM): 
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Equation 3-5 = ×  [ / ] [ / ]  

Where: 

MDCRsurveyor = minimum detectable count rate surveyor 
imst = instrument efficiency (cpm/μR/hr) 

Radionuclide Concentration = modeled source term concentration (pCi/g) 
Exposure Rate = result of model (microroentgen(s) per hour [μR/hr]) 

33.1.6.4 Example Gamma Scan Minimum Detectable Concentrations 
An example a priori scan MDC calculation is provided herein for 226Ra using a Ludlum 2221 with a 
Model 44-20 (3-inch by 3-inch NaI) detector. This example assumes a background level of 18,000 cpm, 
and 95 percent correct detections and 95 percent false positive rates resulting in a  of 3.28. A scan rate 
of 0.5 meter per second (m/s) (19.7 inches per second) provides an observation interval of 2 seconds 
(based on a diameter of approximately 1 meter for the modeled area of elevated activity). The 
MDCRsurveyor was then calculated assuming a surveyor efficiency ( ) of 1 (assumes automated data 
logging). The scan MDC is calculated as follows:  = 3.28 18,000 260 = 80  
 = 80 60 2 = 2,410  

 = 2,410 1 = 2,410  

The relationship between the detector’s net count rate and net exposure rate has been obtained from 
the detector manufacturer and is 2,300 cpm/μR/hr. The relationship between the radionuclide 
contamination and exposure rate has been determined by modeling (using Microshield) the source area 
to determine the net exposure rate produced by a given concentration of a radionuclide at a specific 
distance above the source. The Microshield Version 11.20 model has a source activity of 1 pCi/g of 226Ra, 
a circular area of elevated activity of 1 square meter, a contaminated zone depth of 15 centimeters (6 
inches), and a soil density of 1.6 grams per cubic centimeter. The modeling code determined an 
exposure rate at the detector height (dose point) of 10 centimeters (4 inches) above the source to be 
1.130 μR/hr. The scan MDC for this source geometry is calculated as follows: = 2,4102,300 / / × 1.0[ / ]1.130[ / ] = 0.93 /  

Additional a priori determinations are provided in Table 3-3. The Microshield model parameters are 
identical to those described in the previous example, using either 226Ra with a concentration of 1 pCi/g, 
or 137Cs with a concentration of 0.113 pCi/g. 

Table 33-33. A  Priori Scan  MDCs  

NaI Detector Remediation Goal Scan MDC 

Ludlum 44-20, 3x3 226Ra, 1.0 pCi/g 0.93 pCi/g 

 137Cs, 0.113 pCi/g 2.30 pCi/g 

Bicron 3SSL-X, 3x5x16 226Ra, 1.0 pCi/g 0.21 pCi/g 

 137Cs, 0.113 pCi/g 0.46 pCi/g 
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After field mobilization, MDC calculations will be revised using actual site-and instrument-specific data. 
Observed MDCs will be provided to regulatory agencies and will be documented in the background 
report. 

3.1.7 Laboratory Analysis 
Soil samples will be collected from the RBAs and sent offsite to an analytical laboratory for various 
analyses. The analytical methods and the radionuclides being analyzed for are presented in the SAP and 
are summarized in Table 3-4. The SAP provides additional guidance on soil sampling, chain-of-custody, 
laboratory analysis, and quality assurance/quality control requirements. 

TTable 33--44.. AAnalytical SSample Summary 
Analytical Method Radionuclide 

Gamma Spectroscopy 
(gamma-emitting ROCs and naturally occurring 
radionuclides) 

137Cs 
226Ra (equilibrated; via 214Bi and/or 214Pb) 
238U Series (238U via protactinium-234m, 214Pb, 214Bi) 
232Th Series (228Ac, 212Pb, 212Bi, 208Tl) 
40K 
241Am 

Alpha Spectroscopy 
(alpha-emitting ROCs and naturally occurring 
radionuclides) 

239Pu /240Pu 
241Am 
226Ra 
Thorium (232Th, 230Th, 228Th) 
Uranium (238U, 235U, 234U) 

Radon Emanation (Lucas Cell) 
(to support future NORM evaluations) 

226Ra 

Gas Flow Proportional Counting 90Sr 

Notes: 
208Tl = thallium-208 
212Bi = bismuth-212 
212Pb = lead-212 
214Bi = bismuth-214 
214Pb = lead-214 
228Ac = actinium-228 
228Th = thorium-228 
230Th = thorium-230 
234U = uranium-234 
238U = uranium-238 
240Pu = plutonium-240 
241Am = americium-241 

3.2 Survey Implementation 
Prior to initiating the RBA characterization field activities, several premobilization and mobilization steps 
will be performed to ensure that work can be performed in a safe and efficient manner.  
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3.2.1 Premobilization Activities 
The primary premobilization tasks include training of field personnel, procurement of support services, 
and obtaining access to onsite and offsite RBAs. Coordination with the City of San Francisco will be 
conducted to facilitate access and approval for sampling and ground disturbance activities at McLaren 
Park. Sampling at McLaren Park will only be conducted if access and approval are granted. The various 
support services that are anticipated to be required are as follows:  

 Radiological analytical laboratory services 
 Drilling subcontractor  
 Civil surveying subcontractor  
 Utility location subcontractor  
 Vegetation clearance subcontractor  

33.2.1.1 Training Requirements 
Any non-site-specific training required for field personnel will be performed prior to mobilization to the 
extent practical. Training requirements are outlined in the Parcel G Work Plan and in SOP RP-115, 
Radiation Worker Training, included in the Parcel G Work Plan. 

Medical examinations, medical monitoring, and training will be conducted in accordance with the 
APP/SSHP and Parcel G Work Plan requirements. 

3.2.1.2 Permitting and Notification 
Prior to initiation of field activities for the radiological investigation, the contractor will notify the Navy 
Remedial Project Manager (RPM), Resident Officer in Charge of Construction (ROICC), Radiological 
Affairs Support Office (RASO), Caretaker Site Office, and HPNS security as to the nature of the 
anticipated work. Any required permits to conduct the fieldwork will be obtained prior to mobilization. 

The contractor will notify the California Department of Public Health at least 14 days prior to initiation of 
activities involving the Radioactive Material License (Section 5).  

3.2.1.3 Pre-Construction Meeting 
A pre-construction meeting will be held prior to mobilization of equipment and personnel. The purpose 
of the meeting will be to discuss project-specific topics, roles and responsibilities of project personnel, 
project schedule, health and safety concerns, and other topics that require discussions before field 
mobilization. Representatives of the following will be invited to/attend the pre-construction meeting: 

 Navy (RPM, RASO, ROICC, and others as applicable) 

 Contractor (Project Manager, Site Construction Manager, Project Quality Control Manager, PRSO, 
and Site Safety and Health Officer) 

 Subcontractors as appropriate 

 United States Environmental Protection Agency (USEPA), Department of Toxic Substances Control 
(DTSC), and California Department of Public Health (CDPH) 

3.2.2 Site Survey Preparation Activities 
The following steps will be implemented to prepare for the sampling activities and to facilitate access to 
the site: 

 Review the applicable activity hazard analyses prior to starting work evolutions. 

 Cut brush and weeds (if appropriate) within each RBA to a maximum height of 4 inches to facilitate 
scanning and sampling activities. 
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Locate and mark utilities in the field

Verify that utilities have been deactivated (to the extent possible) and if not deactivated, the active
utilities will be further identified and marked to ensure that field personnel understand the exact
location and estimated depth. An exclusion area will be placed around the active utilities to prevent
accidental exposure to the utility, based on the utility hazard or importance.

If utilities are in locations that interfere with planned RBA characterization activities, the area
may be relocated, as long as the area remains within the historical RBA footprint.

Remove debris or obstacles that could obstruct sampling and survey activities. Surface obstructions
preventing access will be removed prior to direct-push activities.

Locate and mark the planned sample locations.

3.2.3 Scan Measurements 
Following the completion of the site preparation activities, 100 percent of the accessible surface (i.e., 
ground level surface) of each RBA will be scanned for gamma activity using one or more of the 
instruments specified in Table 3-2 (or equivalent). Both gross gamma and gamma spectral 
measurements will be collected simultaneously during the gamma scan. 

The gamma scans of the accessible surface areas will be performed using a GPS coupled with an 
appropriate gamma scintillation detector or meter (e.g., Ludlum 44-20 or Bicron 3x5x16/3SSL-X). Along 
with position, each gamma measurement will be coupled with a date and time stamp. The scans will be 
performed following a NUREG-1575 protocol by scanning straight lines at a rate of approximately 0.5 
m/s in approximately 1-meter-wide swaths, with a consistent detector distance from the ground surface 
(4 inches above the surface) (USEPA et al., 2000). Generally, each RBA will be gamma scanned as follows 
(the following description assumes that the RBA is positioned such that the sides align with northern, 
southern, eastern, and western directions): 

Begin with the detector positioned in the southwestern corner of the RBA at a height of about
4 inches above the surface. Orient the system to face north and initiate data collection (detector is
automatically logging radiation readings and GPS is automatically logging position readings) so that
the system is recording at a rate of one reading per second (or other, as determined by the project
health physicist).

Move the detector in the northern direction at a not-to-exceed speed of 0.5 m/s.

Once the detector has reached the edge of the RBA, turn the system around (now facing south) and
offset the next detector path by approximately 1 meter (or appropriate based on the instrument’s
detector size) to allow for a small overlap in the detector field of view

Move the detector in the southern direction at a not-to exceed speed of 0.5 m/s.

Repeat these steps until the RBA has been scan surveyed.

Assuming a 2,500-ft2 (232-square-meter) area for each onsite RBA plus 5,600-ft2 (520-square-meter) 
area for the offsite RBA (or smaller as appropriate), a survey as described above moving at a speed of 
0.5 m/s should result in the collection of a minimum of 1,450 scan measurements over the five RBAs 
(assuming 100 percent of each RBA is accessible). Offsite RBA locations are assumed to be radiologically 
non-impacted and in order to be minimally invasive to park areas, gamma scans may be limited to the 
immediate vicinity of sample locations instead of the whole RBA. Data will be documented and managed 
as described in Section 3.2.8. Data sets will be transferred from the data logger onto a personal 
computer to create spreadsheets and geographic information system (GIS)-plotted maps. These data 
sets will be evaluated in accordance with Section 4. Following the scan survey, the number of data 
points and the percent coverage (from a plot of the data) will be reviewed to ensure that the design 



SECTION 3 – SURVEY DESIGN AND IMPLEMENTATION  

CH2M-9000-FZ12-0013, JUNE 2019  3-11 

parameters of the gamma scan survey were satisfied. If elevated scan measurements are observed, 
follow-up investigations may be performed with static gamma measurements to delineate and 
characterize potential areas of interest. Areas with elevated scan measurements that are attributed to 
contamination or discrete radiological objects will not be sampled, and alternate locations will be 
selected. 

3.2.4 Surface Soil Sampling Process at Onsite and Offsite RBAs 
Prior to surface sampling, ensure that the necessary gamma scan measurements have been collected as 
described in Section 3.2.3 and reviewed and accepted as described in Section 4.1. Surface soil samples 
will be collected in accordance with the Soil Sampling SOP, included in the Parcel G Work Plan. 
Generally, the surface soil samples will be collected as follows: 

 For areas without an asphalt cover, a clean shovel, hand auger, or other tool will be used to remove 
a small area (about 3 inches in diameter) of soil to a depth of 6 inches. For areas with an asphalt 
cover, sampling will follow the process described in Section 3.2.5 

 The removed soil will be transferred directly into a clean stainless steel bowl for mixing. 

 The soils removed from the sample location will be visually described in the field logbook in 
accordance with the Preparing Field Log Books SOP, included in the Parcel G Work Plan. Identify the 
sample as surface soil and include the approximate volume of the extracted soil. Color, moisture, 
texture, and clast composition (i.e., serpentine, shale, sandstone, chert, gabbro) will be identified.  

 The sample for radiological analyses will be mixed in the field by breaking the sample into small 
pieces and removing overburden gravel and biological material. The entire mixed sample, or aliquot 
thereof, will be placed in the designated laboratory sample container. A minimum of 200 grams of 
soil (approximately 1 cup) are required to complete all required analyses, or 400 grams if the sample 
is selected as a field duplicate. 

 When a field duplicate sample is required (1 for every 10 field samples collected), the duplicate 
sample will be collected following mixing of the material and splitting the aliquot into an additional 
sample container. 

 Samples will be identified, labeled, and cataloged according to Section 3.2.7, and then placed into 
the appropriate sample cooler (if required) for transport to the contract laboratory. Custody of the 
sample will be maintained according to the Chain-of-Custody SOP, included in the Parcel G Work 
Plan. 

 No extra sample material is expected from surface soil sampling because the entire sample will be 
sent to the laboratory for analysis. Excess soil material that was not sampled will be returned to the 
hole from which it came or will be spread adjacent to the sample location. 

 When possible, disposable sampling equipment will be used because clean, unused materials do not 
affect sample results. If reusable sampling equipment is used, it will be cleaned between each 
sampling event as appropriate. Cleaning of sampling equipment will be conducted using SOP RP-
112, Decontamination of Personnel and Equipment, included in the Parcel G Work Plan. 

 If fluids are generated during cleaning of sampling equipment, the fluids will be containerized and 
sampled for offsite analysis to determine radionuclide concentrations prior to disposal. Other 
investigation-derived waste (IDW), including used personal protective equipment (PPE) will be 
radiologically surveyed prior to disposal using SOP RP-105, Unrestricted Release Requirements, 
included in the Parcel G Work Plan. 
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Split samples will be available to USEPA and DTSC/CDPH to take for independent analysis either real-
time during field activities, from the laboratory during analysis and storage, or after laboratory analysis 
from on-site storage. 

3.2.5 Subsurface Soil Sampling Process at Onsite RBAs 
33.2.5.1 Drilling Area Setup 
Prior to the commencement of drilling at the sample location (RBAs 1 through 4), the drill site will be 
prepared by performing the following: 

 Clear overhead obstacles, as necessary, to safely operate the drill rig (minimum of 10 feet of 
clearance between top of drill boom and obstacles). 

 Review and ensure that subsurface clearance has been performed and drilling has been approved. 

 If utility or other obstacles prevent safe working conditions, the sample location can be re-located at 
the discretion of the field team lead. To the extent practical, the new sample location should be 
moved to a safe location as close to the original planned location, while staying within the 400-ft2 
area. 

3.2.5.2 Subsurface Soil Sample Collection 
Prior to subsurface sampling, ensure that the necessary gamma scan measurements have been collected 
as described in Section 3.2.3 and reviewed and accepted as described in Section 4.1. Subsurface soil 
samples will be collected by following the Soil Sampling SOP, included in the Parcel G Work Plan. 
Subsurface soil samples will be collected using drilling-rig-mounted equipment to collect samples with 
thin-walled tube sampling or split-spoon sampling. Generally, drilling and retrieving the boring using the 
thin-walled tube method will be as follows: 

 If an asphalt cover exists at the sample locations, the asphalt will be removed to facilitate soil 
sampling. Following completion of sampling, asphalt cores will be replaced and sealed. 

 Using a drilling rig, a hole is advanced to the desired depth. The samples are then collected following 
the ASTM International (ASTM) D 1587 standard. 

 The sampler is lowered into the hole so that the sample tube’s bottom rests on the bottom of the 
hole. The sampler is advanced by a continuous, relatively rapid downward motion. The sampler is 
withdrawn from the soil formation as carefully as possible to minimize disturbance of the sample. To 
obtain enough volume of sample for subsequent laboratory analysis, use of a 
3-inch-internal-diameter sampler may be required. 

 Upon removal of the tube from the ground, drill cuttings in the upper end of the tube are removed, 
and the upper and lower ends of the tube are sealed. The soil tube will be turned over to the project 
geologist and radiation technician for sample preparation, radiological surveys, and 
containerization. Once retrieved from the hole, the tube is carefully cut open to maintain the 
material in the tube. 

Generally, drilling and retrieving the boring using the split-spoon sampling method will be performed as 
follows: 

 Using a drilling rig, a hole is advanced to the desired depth. The samples are then collected following 
the ASTM D 1586 standard. 

 The sampler is lowered into the hole and driven to a depth equal to the total length of the sampler; 
typically, this is 24 inches. The sampler is driven down using a weight (“hammer”). To obtain enough 
volume of sample for subsequent laboratory analysis, use of a 3-inch-internal-diameter sampler may 
be required. 
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 Upon removal of the soil core from the ground, the soil core will be turned over to the project 
geologist and radiation technician for sample preparation, radiological surveys, and 
containerization. Once retrieved from the hole, the sampler is carefully split open to maintain the 
material in the sampler. 

Soil tubes and cores will be processed within the background areas; however, because these surveys are 
performed in reference areas, all locations inside the reference area (not necessarily within the RBA) 
should be acceptable. One central processing area may be established for the entire investigation, or 
separate processing areas may be established for each RBA.  

Once the soil tube has been cut open or the core has been split open, soil examination and sample 
collection will occur as follows: 

 The geologist will log the soil boring to provide accurate and consistent descriptions of soil 
characteristics. Soil boring logs will be maintained according to the Logging of Soil Borings SOP, 
included in the Parcel G Work Plan. The geologist will subdivide the soil boring into the 1-foot 
increments corresponding to the vertical demarcation in the design. Based on observations of the 
lithologic characteristics, if there is a visible change in soil types in the vertical column, the geologist 
may modify the proposed depth increments so that a sample volume is representative of a single 
soil type. The geologist may also recommend that additional samples be collected to adequately 
represent the observed soil types. 

 The sample for radiological analyses will be mixed in the field by breaking the sample into small 
pieces and removing gravel. The depth, recovery position, and scan measurement information 
should be correlated to each sample extracted from the core. 

 A minimum of 200 grams of soil (approximately 1 cup) are required to complete the analyses, or 
400 grams if the sample is selected as a field duplicate. If sample size requirements are not met by a 
single sample collection, additional sample volume may be obtained by collecting a sample from 
below the original sample location within the core and compositing the sample.  

 The entire mixed sample will be placed in the designated laboratory sample container and the range 
of soil depths included in the sample recorded in the field logbook. 

 Samples will be identified, labeled, and cataloged according to Section 3.2.67, and then placed into 
the appropriate sample cooler (if required) for transport to the contract laboratory. Custody of the 
sample will be maintained according to the Chain-of-Custody SOP, included in the Parcel G 
Work Plan. 

 When a field duplicate sample is required (1 for every 10 field samples collected), the sample will be 
evenly split following mixing of the material and removal of extraneous material, and each aliquot 
placed into an appropriately labeled sample container. 

 Excess soil material will be returned to the hole from which it came or will be managed in 
accordance with Section 7 in the Parcel G Work Plan. 

 When possible, disposable sampling equipment will be used because clean, unused materials do not 
affect sample results. If reusable sampling equipment is used, it will be cleaned between each 
sampling event as appropriate. Cleaning of sampling equipment will be conducted using SOP RP-
112, Decontamination of Personnel and Equipment, included in the Parcel G Work Plan. 

 If fluids are generated during cleaning of sampling equipment, the fluids will be containerized and 
sampled for offsite analysis to determine radionuclide concentrations prior to disposal. Other IDW, 
including used PPE, will be radiologically surveyed prior to disposal using SOP RP-105, Unrestricted 
Release Requirements, included in the Parcel G Work Plan. 



SOIL REFERENCE BACKGROUND AREA WORK PLAN, FORMER HUNTERS POINT NAVAL SHIPYARD, SAN FRANCISCO, CALIFORNIA 

3-14  CH2M-9000-FZ12-0013, JUNE 2019 

 Depth intervals that are not identified as samples or sent for analysis will be returned to the 
borehole or spread on the ground adjacent to the borehole. 

 Split samples will be available to USEPA and DTSC/CDPH to take for independent analysis either real-
time during field activities, from the laboratory during analysis and storage, or after laboratory 
analysis from on-site storage.  

3.2.6 Subsurface Soil Sampling Process at Offsite RBA 
To minimize the impact of the characterization on the offsite RBA (RBA-McLaren), subsurface samples 
will be collected from the 1- to 2-foot bgs interval using hand tools. Prior to subsurface sampling, ensure 
that the necessary gamma scan measurements have been collected as described in Section 3.2.3, and 
reviewed and accepted as described in Section 4.1, and that the surface soil sample has been collected 
from the top 6 inches of soil. Subsurface soil samples will be collected in accordance with the Soil 
Sampling SOP, included in the Parcel G Work Plan. Generally, the subsurface soil sample will be collected 
as follows: 

 A clean shovel, hand auger, or other tool will be used to remove a small area (about 3 inches in 
diameter) of soil to a depth of 1 foot bgs. The removed soil will be placed adjacent to the sample 
location. 

 A clean shovel, hand auger, or other tool will be used to remove a small area (about 3 inches in 
diameter) of soil from the 1- to 2-foot bgs depth. 

 The removed soil will be transferred directly into a clean stainless steel bowl for mixing. 

 The soils removed from the sample location will be visually described in the field logbook in 
accordance with the Preparing Field Log Books SOP, included in the Parcel G Work Plan. Identify the 
sample as surface soil and include the approximate volume of the extracted soil. Color, moisture, 
texture, and clast composition (i.e., serpentine, shale, sandstone, chert, gabbro) will be identified.  

 The sample for radiological analyses will be mixed in the field by breaking the sample into small 
pieces and removing overburden gravel and biological material. 

 A minimum of 200 grams of soil (approximately 1 cup) are required to complete the analyses, or 
400 grams if the sample is selected as a field duplicate. If sample size requirements are not met by a 
single sample collection, additional sample volume may be obtained by collecting a sample from 
below the original sample location within the core and compositing the sample.  

 The entire mixed sample, or aliquot thereof, will be placed in the designated laboratory sample 
container. 

 When a field duplicate sample is required (1 for every 10 field samples collected), the duplicate 
sample will be collected following mixing of the material and splitting the aliquot into an additional 
sample container. 

 Samples will be identified, labeled, and cataloged according to Section 3.2.6, and then placed into 
the appropriate sample cooler (if required) for transport to the contract laboratory. Custody of the 
sample will be maintained according to the Chain-of-Custody SOP, included in the Parcel G Work 
Plan. 

 Excess soil material will be returned to the hole from which it came or will be spread adjacent to the 
sample location. 

 When possible, disposable sampling equipment will be used because clean, unused materials do not 
affect sample results. If reusable sampling equipment is used, it will be cleaned between each 
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sampling event as appropriate. Cleaning of sampling equipment will be conducted using SOP RP-
112, Decontamination of Personnel and Equipment, included in the Parcel G Work Plan. 

 If fluids are generated during cleaning of sampling equipment, the fluids will be containerized and 
sampled for offsite analysis to determine radionuclide concentrations prior to disposal. Other IDW, 
including used PPE, will be radiologically surveyed prior to disposal using SOP RP-105, Unrestricted 
Release Requirements, included in the Parcel G Work Plan. 

 Split samples will be available to USEPA and DTSC/CDPH to take for independent analysis either real-
time during field activities, from the laboratory during analysis and storage, or after laboratory 
analysis from on-site storage.  

3.2.7 Sample Identification 
Each surface and subsurface sample will be uniquely identified at the time of collection by the geologist 
or radiation technician. Samples will be identified as explained in this section. 

Sample identifications will use the following format:  

AABBBB-CCDD-EEFF-MMYY 

Where:   AA = facility (HP for Hunters Point will be used in this work plan). 

BBBB = site location (RBAs 1 through 4 = RBA1, RBA2, RBA3, RBA4; RBA-McLaren = 
RBAM). 

CC = sample type (options include SS for surface sample or SB for subsurface sample). 

DD = sample location number (within each RBA there will be 01 to 25 sample locations; 
duplicate locations will be assigned the letter “P” after this number [DDP]).  

EEFF = two-digit sample interval in feet bgs (EE feet = top of sample interval and FF 
feet = bottom of sample interval). EE and FF are whole numbers such that a value of 
“01” represents “1-foot bgs.” Surface samples (samples collected from the 0.0- to 
0.5-foot bgs depth interval) will be designated as 000H; H is for half foot. If the surface 
sample is collected from a depth other than a half foot, the H designation will still be 
used; however, a note will be included in the field book to indicate the actual depth 
sampled.  

MMYY = two-digit month (MM) and two-digit year (YY) corresponding to the collection 
month and year. Example for a sample collected in June of 2018 is MMYY = 0618. 

For example, a surface soil sample collected from RBA-1 at sample Location 1 in March 2018 will be 
identified as follows: 

HPRBA1-SS01-000H-0318 

In this example, “HPRBA1” identifies Hunters Point Reference Background Area 1. “SS01” identifies the 
sample as a surface sample collected at sample location 01. “000H” represents the depth interval for a 
surface sample (000H is the agreed-upon code established for surface samples as explained above). 

For example, a subsurface sample collected from RBA-4 at sample Location 5 from the 9- to 10-foot bgs 
interval in April 2018 will be identified as follows: 

HPRBA4-SB05-0910-0418 

A duplicate sample collected from the sample location will be identified as follows2: 

                                                           
2 For USEPA and DTSC/CDPH split samples, the sample location number “DD” will be given additional letters. 
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HPRBA4-SB05P-0910-0418 

An example of a surface sample collected from RBA-McLaren at sample Location 12 in June 2018 will be 
identified as follows: 

HPRBAM-SB12-000H-0618 

3.2.8 Documentation and Sample Shipping 
Samples will be documented in accordance with the general requirements in the Preparing Field Log 
Books and the Chain-of-Custody SOPs, included in the Parcel G Work Plan. These SOPs identify the 
requirements for sample labels, custody seals, and chains-of-custody. A digital sample 
documentation/tracking program may be used during the execution of the work plan to provide 
additional confidence in sample recordkeeping and to add efficiencies to the process. 

Samples will be packaged and shipped for offsite analysis in accordance with the Packaging and Shipping 
Procedures for Low-Concentration Samples SOP, included in the Parcel G Work Plan. 

Radiological surveys will be performed and documented in accordance with SOP RP-106, Survey 
Documentation and Review, included in the Parcel G Work Plan. Sample collection, field measurements, 
and laboratory data will be recorded electronically to the extent practicable. Electronically recorded 
data and information will be backed up to a SharePoint site or equivalent on a nightly basis, or as 
reasonably practical. Data and information recorded on paper will be recorded using indelible ink. Both 
electronic and paper records of field-generated data will be reviewed by the PRSO or a designee 
knowledgeable in the measurement method for completeness, consistency, and accuracy. Data 
manually transferred to paper from electronic data collection devices will be compared to the original 
data sets to ensure consistency and to resolve noted discrepancies. Electronic copies of original 
electronic data sets will be preserved on a nonmagnetic retrievable data storage device. No data 
reduction, filtering, or modification will be performed on the original electronic versions of data sets. 
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BASE MAP SOURCE:
Service Layer Credits:  Source: Esri, DigitalGlobe, GeoEye, Earthstar
Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the
GIS User Community
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* NOTE:
The exact location of the RBA within McLaren Park may be adjusted based on consultation
with the City of San Francisco.

BASE MAP SOURCE:
Service Layer Credits: © 2018 Microsoft Corporation Earthstar Geographics  SIO
© 2018 Microsoft Corporation © 2018 DigitalGlobe ©CNES (2018) Distribution Airbus DS

Park Lands layer developed by the San Francisco Recreation and Parks Department (2016).
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